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ABSTRACT 
Greenstrip Establishment and Management 
in the Intermountain West 
by 
Brenda Kristine Younkin-Kury, Master of Science 
Utah State University, 2004 
Major Professor: Dr. G. Allen Rasmussen 
Department: Forest, Range, and Wildlife Sciences 
Greenstrips were established at two sites in Utah to determine if seeded, grazed 
cool-season, perennial grasses would change fire behavior characteristics in areas 
Ill 
currently dominated by Bromus tectorum. Frequency data were collected for both grazed 
and ungrazed seeded species and resident weed species. Moderate spring grazing did not 
negati vely impact the establishment of seeded species at Camp Williams. Grazing at 
Promontory Point decreased Agropyron desertorum frequency and increased the 
frequency of Pascopyrum smithii. Biomass data collected for grazed and ungrazed 
treatments in both years indicated that moderate spring or winter grazing the first two 
years of establishment did not negati vely impact seeded species. Modeled fire behavior 
in grazed plots indicated that fires occurring under most fire weather conditions could be 
managed with hand crews at Camp Williams. Simulated fire behavior at both sites 
ind icated that management (i.e., grazing) was necessary to realize the desired fire 
behavior from the established greenstrips. 
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INTRODUCTION 
Many ecosystems in the Intermountain West evolved with fire (Wright et al. 
1979). However, today the original fire return intervals have been interrupted and in 
some cases occur too often or pose other threats that create a need to manage these 
wildfires. Wildfires can pose a significant risk to air quality, property, and ecosystem 
functions. Wildfire can also be an effective vegetation and habitat management tool. 
Greenstrips, or areas of fire-resistant vegetation of varying width strategically placed in 
fire-prone landscapes to slow or stop the progress of wildfires, have been proposed as a 
treatment to help reduce the spread of wildfiresand to manipulate fuel loads and fuel 
locat ions on a landscape. Greenstripping is a proactive approach to wildfire management 
designed to enhance reactive efforts such as fire suppression activities and the Emergency 
Fire Rehabilitation Program (Pellant 1994). 
Greenstripping, originally referred to as "road stripping," was pioneered by the 
Idaho Bureau of Land Management (BLM) in 1982 in an attempt to limit wildfire 
intensity in Idaho (Pellant 1990, 1994). Road strips were vegetation strips planted along 
ex isting roadsides to <'xpand the fuel break created by the road. A 40-km system of 
crested wheatgrass (Agropyron cristatum) "road strips" was planted parallel to 
maintained roads after a large fire in the Shoshone District. Although the initial road 
strip establishment was poor, results were promising enough for BLM to incorporate the 
establishment of " fire-resistant" vegetation (plants exhibiting low flammability or high 
moisture content) into their Emergency Fire Rehabilitation Program (Pellant 1994). 
By 1985, Idaho BLM had redesigned the road strip project and renamed 
the effort "greenstripping". In 1991 , the greenstripping program was extended to public 
lands in Utah, Oregon, and Nevada (Pellant !994). 
Pellant (1994:64) described the objective of the Idaho BLM greenstripping 
program as follows: 
.. . to slow or stop the spread of wildfires by the strategic placement of fire-
resistant vegetation on the landscape. By reducing wildfire frequency and 
size, the following benefits are realized: 
1. Reduced loss of plant diversity and shrub cover on 3agebrush-
steppe and salt-desert shrublands. With longer intervals between 
wildfires, loss of plant diversity, especially shrubs, will be slowed 
on fire-prone landscapes and eventually native species may 
increase (West, 1978; Whisenant, 1990; Young and Evans, 1978). 
2. Reduced loss of private structures and properties on urban/rural 
interfaces with public rangelands. 
3. Reduced fire suppression and rehabilitation costs. 
The concept of greenstripping has continued to change. As wildfires become 
more severe and more costly (NIFC 2003), the need for proactive fire management 
2 
practices increases. Greenstripping has attempted to identify plants that would stay green 
late in the growing season (Monsen 1994). The assumption was that greenness would 
indicate high fue l moisture, which could potentially ex tinguish fires (Monsen 1994). 
Greenstripping programs may also be geared more toward slowing or stopping the 
progress of wildfires by the placement of greenstrips in the landscape rather than finding 
plants that are green later in the growing season (Pellant 1994 ). 
There are many pieces missing from the puzzle of developing an effective 
greenstrip. For example, greenstrip management has not been adequately addressed by 
research. An accepted assumption is that if the proper species are used in a greenstrip, 
3 
the greenstrip will manage itself. It is unknown if fire behavior is actually 
altered by using greenstrips. This assumption may cost homes and li ves without further 
research. Additional ly, information does not exist on the ability of greenstrips to 
estab li sh under grazing pressure. Since greenstrips were developed on BLM lands, 
grazing was automatically removed for a minimum of two growing seasons after seeding 
the greenstrip (USDI BLM 1990) because of agency guidelines. Does grazing need to be 
removed in an area where the only seeding occurring is to develop a greenstrip? Fire 
behav ior modeling can be used to estimate how a fire may behave, based on 
environmental conditions and fuel loads. 
The general objectives of thi s study were to determine the effectiveness of 
establishment of selected species under different management strategies and the abi lity of 
these selected species to alter fire behavior characteristics in sagebrush-dominated areas. 
Objective I : Determine if livestock grazing must be removed to effectively 
establi sh seeded species in a greenstrip. 
Based on historical recommendations and current BLM standards, grazing 
livestock should be excluded for at least two grazing seasons after reseeding in order to 
allow the plants time to establish (Stoddart and Smith 1943, Stoddart et al. 1975, 
Holechek et al. 1989, USDI BLM 1990). It is unknown, however, if removing grazing is 
necessary when an area as small as a greenstrip is the only portion of a grazing unit being 
seeded. 
Hypothesis I: Species exhibit tolerance to grazing in the following order 
(most tolerant of grazing during establishment to least tolerant) : Agropyron desert or urn, 
Kochia prostrata, Pascopyrum smithii, and Poa secunda. 
4 
Objective 2: Determine if fire behavio r characteristics for greenstrips are different 
from those of adjacent vegetation, and if greenstrips need to be managed (grazed) to 
maintain their effectiveness. 
Hypothesis 2: Greenstrips reduce flame lengths and rate of fire spread compared 
to adjacent vegetation. 
Hypothesis 3: Based on biomass production, the order of species selection for 
grazed greens trips will be Agropyron deserrorum, Kochia prosrrara, Pascopyrum smithii, 
and Poa secunda, and vice-versa for ungrazed greenstrips. 
5 
LITERATURE REVIEW 
Wildfire has always played an important role in the Intermountain West. 
Historically, wildfires occurred every 32 - 70 years in sagebrush (Artemisia spp.) 
vegetation types in the Great Basin (Wright et al. 1979, Pellant 1990). Today' s fires bum 
hotter, faster, and longer than hi storic fires, increasing the social and economic costs of 
wildland fires (NIFC 2003). In 2000, the National interagency Fire Center (NIFC) 
reported 122,827 fires in the nation that burned over 3.4 million ha. Suppression costs 
for these fires totaled over $1.3 billion just for federal agencies, an increase of over $600 
million from 1996 (BLM, Bureau of Indian Affairs, Fish and Wildlife Service, National 
Park Service, and Forest Service) (N lFC 2003). In contrast, from 1919 to 1929, 97,599 
fires burned only 1.8 million ha (N IFC 2003). 
Additionally, annuals such as cheatgrass (Brom us tectorum L.) have invaded and 
dominated more than 41 million ha in the Intermountain West (Mack 1981 , Young et al. 
1987, Tausch et al. 1994). Cheatgrass can quickly dominate di sturbed sites in sagebrush-
grass communities (Young and Evans 1978, Tausch et al. 1994) and can even invade 
undisturbed areas (Svecjar and Tausch 1991, Tausch et al. 1994). Cheatgrass invas ion 
can alter the fire history of sagebrush-grass communiti es (Hull and Stewart 1948, 
Morrow and Stahlman 1984, Tausch et a l. 1994). Cheatgrass converted many producti ve 
perennial-dominated areas to annual-dominated areas with increased problems with fire 
management (Tausch et al. 1994). These annual-dominated sites often increase fire 
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return intervals and increase the number of early season burns, reducing the perennial 
herbaceous stands. These have also been credited with increasing the size of current fires 
(NIFC 2003). 
Grazing practices and their associated effects on fire 
The livestock industry in the West developed in the 1840s, but did not become a 
large industry until near the end of the Civil War (Holechek et al. 1989). ln 1870, it was 
estimated that there were 4.6 million cattle it1 the 17 western states (Holechek et al. 
1989). Cattle numbers peaked in 1884 between 35 and 40 million head. According to 
Holechek et al. (1989), range degradation in the West was at its peak during the 1880s. 
By 1890, the number of cattle in the Western states had dropped to 27 million, mainly 
because of harsh winters and the drought years of 1891 and 1892. 
The best measure of the effects of grazing on the sagebrush ecosystem during the 
191h century was done by P.B. Kennedy in 1902 along a 34-km transect in Elko County, 
Nevada (B illings 1992). Kennedy mapped vegetation and soil conditions at the turn of 
the century. Sheep and cattle had heavily grazed the area for years prior to his study. His 
initial findings indicated some range deterioration, but fire scars and B. tectorum were not 
present (Billings 1992). The first B. tect01·um was collected in the area 7 years after 
Kennedy ' s initial work near his transect line. Kennedy was the first to note B. /ectorum 
along the railroad near Reno, Nevada (402 km west of his original sighting) in 1906. 
Bromus /ectorum spread rapidly into the overgrazed sagebrush rangeland until the 1930s 
(Billings 1992). Because of thi s increase in B. teclorum levels, large and disastrous fires 
began in the 1930s (Billings 1992). Pickford (1932) reported that B. Leclorum had 
replaced sagebrush as a dominant species and covered burned sites in dense stands in the 
Bureau of Land Management Salt Lake District, Utah. 
Bi ll ings (1992:24) cited Robertson's ( 1954) re-survey of Kennedy's transect and 
found 5 principal changes: 
I. Desirable shrub and livestock browse had decreased. 
2. Agropyron spicatum described as ' abundant' by Kennedy had 
decreased to ' generally absent' or ' less than 5% density' at the 
time ofRobertsons's re-survey. 
3. Annuals had ' increased to an extreme degree '; much of thi s 
was Bromus tectorum. 
4. Burn scars, absent in 1902, now covered much of the route and 
were covered with cheatgrass everywhere along the way. 
5. The stream channels had eroded deeper and wider. 
Fuel and its relevance to wildfire prediction 
On rangelands the above-ground vegetation provides the fuel for wi ldfires. Fuel 
is one of 3 ingredients needed for fire . Heat and oxygen, when combined with fuel, form 
the fire triangle (Countryman 1977). To manipulate fire , I or more of the ingredients in 
the fire triangle must be removed or modified. Fuels are the only element of the fire 
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triangle that can be influenced via management actions. By modeling fue l properties, fire 
behavior can be altered to achieve specific objectives (Countryman 1977, Pellant 1994). 
Rothermel (1983) describes 13 fue l models used to calculate fire behavior. The 
models are skewed toward fine fuels (i.e. , grasses) and seasons in which fires are most 
common. Fire behavior models require specific information on fuels, including 
(Rothermel 1983): 
Fuel loading: the mass of fuel per unit area, live and dead, grouped by particle 
size classes 
• Surface area to volume ratio of each fuel size group 
• Fuel depth, measured in feet 
Fuel particle density, measured in pounds/fooe 
• Heat content of fuel measured in Btu/pound 
Moisture of extinction: the upper limit of fuel moisture content beyond which the 
fire will no longer spread with a uniform front [documented by Albini (1976) and 
Rothermel (1972)] 
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The 13 fire behavior models cover 4 general fuel groups (Anderson 1982). The 
Grass Group contains fire behavior fuel models I through 3. Fuel types consist primarily 
of fine herbaceous matter that is cured or curing. The Shrub Group contains fire behavior 
fuel models 4 through 7. These fuel models include flammable shrubs of various heights 
and associated dead material and scrub trees. Less fine fuel is available than in the Grass 
Group (Anderson 1982). The Timber Group contains fire behavior fuel models 8 through 
10. These fuels consist primarily of healthy forested areas. Crown fires are limited, 
although isolated incidences may occur. The final group is the Logging Slash Group. 
This group, fire behavior models II through 13, includes intermixed slash and 
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herbaceous material. Fires may be limited by clear cutting or carried quickly via 
continuous layers of slash (Anderson 1982). 
Custom fuel models can be developed using a combination of established fuel 
models (i.e., a two-model approach) or deve loping a fuel model with fuel models specific 
to a particular si te (Anderson 1982). 
From a fire management standpoint, the easiest fires to control are generally in 
fire behavior fuel model one and the most difficult are generall y in fire behavior model 
thi rteen (Anderson 1982). Assuming similar environmental variables, the fi re intensity, 
flame height, and rate of spread would be greater in model thirteen (Anderson 1982). 
Fire behavior 
Fire behavior can be predicted to a degree (Rothermel 1972, Rothermel 1983 , 
Anderson 1982). However, variability in fuel type, fuel continuity, windspeed, relative 
humidity, and other environmenta l facto rs make it difficu lt to make accurate predictions 
abo ut fire behavior. Fuel moisture, relative humidity, wind speed and direction, and 
slope can all produce extreme differences in the rate of spread and intensity of a fire 
(Rothermel 1983). 
According to Rothermel ( 1983 :2) the three primary procedures fo r predicting 
wildfire behavior are: 
I. A means of eval uat ing the inputs describing the fuels, fuel 
moisture, windspeed, and slope. 
2. A means of calculating the two basic fire descriptors- rate of 
spread and intensity. 
3. Methods for interpreting rate of spread and intensity to get spread 
distance, perimeter, area, flame length , and to identify conditions 
that lead to spotting and crowning. An important feature is the 
display of the probability of fire growth by time period on maps. 
Fire models developed by Rothermel (1983) evaluate the energy generated by a 
fire, heat transfer from the fire to the fuel ahead of it, and energy absorbed by that fuel. 
Because fine fuels carry the fire, fire models are weighted toward fine fuels (both dead 
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and live). Effects of wind and slope on heat transfer are included in the model , as are fuel 
particle size, fuel load, and fuel compactness (bulk density). Rothermel (1983) 
developed a flow chart (Figure I) to predict fire behavior and to manage wildfires. 
Figure I illustrates the logical progression to predict fire behavior and suppress ion 
possibilities for the fire. This flow chart is effective for short-range and operational 
planning during a wi ldfire. Many of the variables described by Rothermel ( 1983) can be 
manipulated by building custom fuel model s. Variables that were manipulated in the fire 
model for this study have an asterisk (*) next to them in Figure I. 
Bond and van Wilgen ( 1996) provide sources for the variables involved in the 
prediction, assessment, and control of prescribed fire·o. These same data are needed to 
predict the behavior of wildland fires. 
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Figure I. Fire behavio r prediction system information flow. Adapted from 
Rothermel (l983). Variables with an asterisk(*) next to them were manipulated in 
this study. 
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Table I describes environmental variables, where to locate infom1ation, and the 
relative importance of each variable to fire control. As with Rothermel (1983), several of 
the variables described by Bond and van Wilgen ( 1996) can be manipulated. Variables 
that were manipulated in the fire model for this study have an asterisk (*) next to them in 
Table I. 
Species considered for use in greenstrip projects 
Many species of grasses, forbs, and shrubs have been considered for use in 
greenstrips. Monsen (1994:364) listed several attributes that a plant used in a greenstrip 
must possess, including: 
... adaptabi lity to semiarid sites, abi lity to compete with annual weeds, 
ease of establishment, low flammability [low concentration of vo latile oils 
and increased moisture content] , open canopy and plant interspacing, 
palatability, resi lience and regrowth capabilities, and management 
considerations. 
Many species have been studied for greenstrip use, but few have actually passed 
the test. Greenstrip species must be able to decrease the fine fue l continuity provided by 
invading annuals such as B. tectorum, even if the fuel load is higher with the planted 
species. They must establish easi ly and develop a closed stand that can dominate for long 
periods under adverse conditions. They must form competitive, mature stands that grow 
in a dense pattern that allows for regeneration of the species while keeping annual plants 
out (Monsen 1994 ). 
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Table I. Variables to consider when preparing a prescribed burn. Adapted from 
Bond and van Wilgen (1996). Variables with an asterisk(*) next to them were 
manipulated in this study. 
Variable Methods for Assessment Importance for Fire Control 
' Wind 
*Temperature 
' Relative humidity 
'Topography 
'Surrounding fuel 
conditions 
Previous rain fall 
*Pred icted fire 
behavior 
Considers effects of topography 
and forecast condit ions for the 
length of the burn 
Cons iders forecast conditions 
Considers forecast conditions 
Determined from local 
knowledge, aerial photos, and 
maps when avai lable 
Based on local know ledge 
Based on local records 
Multiple models ex ist 
(mathematical and empirical) 
that are available in calcu lators, 
slide rules, and tables 
• Determines the potential behavior of a fire 
• Affects its relative control lability 
• Increasing wind leads to increases in Rate 
of Spread (ROS) and intensity 
• Influences relati ve humidi ty 
• Helps determine fine fuel moisture 
content 
• Affects ROS and intensity 
• Direct effect on ROS (slope effect) 
• Has an effect on wind variables (intensity, 
etc.) 
• Related to amount and condit ion of 
surrounding fuel 
• Affects moisture contents of dead fuels 
• Effects can last for days or even weeks, 
depending on fuel characteristics 
• Accurate fire behavior pred iction 
enhances the ability to decide on the 
proper ignition and decreases the risk of 
runaway fires 
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Many greenstrips are planted as monocultures, but seed mixes are occasionally 
used. Choosing the right plants for either a monoculture or a mix is very important. 
Planted species must be compatible and capable of establishing uniformly. One must 
also recognize that plants requiring special seedbed preparation or planting methods may 
not fare well in this situation. Therefore, plant adaptability is extremely important. 
Monsen (1994) evaluated 9 species for a number of attributes, including their 
adaptability to semiarid sites (adaptation), ability to compete with annual weeds 
(competitiveness), ease of establishment (establishment), and regrowth capabilities 
(resprouting). Table 2 was adapted from the ratings given to each species by Monsen 
(1994). Pascopyrum smithii and Poa secunda were evaluated on the same traits using 
information from the Interagency Forage and Conservation Guide for Utah (Horton I 994) 
according to Monsen's (I 994) criteria. 
Four species were selected for use in this study based on the above characteristics: 
Agropyron desertorum, Pascopyrum smithii, Poa secunda, and Kochia prostrata. 
Agropyron desertorum and A. desertorum are considered synonymous throughout this 
document. 
Agropyron cristatum (crested wheatgrass) and A. desertorum are commonly used 
for revegetation on B. tectorum infested rangelands. A. crista/urn was first introduced 
into the United States in South Dakota in 1898. It was not widely distributed until the 
early 1900s. It is from the steppe of central Asia and has become one of the most 
successful introduced range grass species. It is ecologically adapted to much of the 
Table 2. Attributes of species selected for greens trip establishment in the 
Intermountain West. Adapted from Monsen (1994). 
Establish· 
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Selected Species Adaptation 
Competitive-
Resprouting 
ness ment 
Agropyron desertorum + ++ ++ + 
Achnatherum thurberianum + 0 + + 
Achillea mille[olium + + ++ ++ 
Linium lewisii + 0 ++ + 
Sangusorbia minor 0 ++ + 
Artemisia cana 0 + + ++ 
A triplex canescens + + 
Kochia prostrata + ++ ++ ++ 
Pascopyrum smithii + + + 
Poa secunda 0 + 
Excellent ++, Good +, Moderate 0, Limited or Low -
western United States and is a good forage producer that persists well in big sagebrush 
(Artemisia tridentata) zones, pinyon-jtmiper (Pinus and Juniperus spp.) woodlands, and 
in openings found in mountain shrub zones. It demonstrates persistence under adversity 
and abuse, a strong competitive ability, and good seedling vigor (Rogier and Lorenz 
1983). Agropyron aistatum has been recommended as a tool to reduce wildfire hazards 
since the 1940s (Pellant 1994, Hull and Stewart 1948, Stark et a!. 1946). 
Agropyron cristatum is tolerant of cold and drought, and seeded stands may resist 
weed invasion (Rogier and Lorenz 1983). It also provides good forage for livestock and 
wildlife. One of the less desirable aspects of A. crista/urn is that if left unmanaged (i.e., 
ungrazed or not mechanically maintained), a large fuel load could build up, thus negating 
the positive effects of a greenstrip. This could, however, be said of all the selected 
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species except Poa secunda. When managed properly, A. cristatum has the potential to 
decrease fue l continuity when compared to annual invaders. Lesica and DeLuca ( 1996) 
state that pure stands of A. cristatum may alter the environment in many undes irable 
ways, including loss of nitrogen (through leaf senescence and vo latili zation), increased 
erosion potential, and lower leve ls of organic matter when compared to native grasslands. 
In a seed li ng competition study done between A. cristatum and B. tectorum, 
Francis and Pyke ( 1996) found that sowing A. cristatum at lowc·r densities increased 
seedling competitiveness, though first year production may be compromised by B. 
tectorum. At maturity, however, the stand had increased tiller production and biomass, 
effec ti ve ly controlling B. tectat·um. 
Pascopyrum smithii (western wheatgrass, syn. Agropyron smithii) has several 
desirable attributes as a greenstrip species. It is a native, cool-season, forage grass that is 
well adapted to drought-prone areas. To mai ntain its vigor during droughts, P. smithii 
s lows growth as opposed to stopping growth like A. cristatum (Frank and Bauer 1991). 
Pascopyrum smithii accumulates dry matter slower than A. cristatum. It is generall y 
found in mixed stands and supports a lower stocking rate than A. crista tum to compensate 
for its slower growth rate (Frank and Bauer 1991 ). 
Pascopyrum smithii competes well with annual invaders such as B. tee/arum. It 
reproduces by seeds and rhi zomes (Stubbendieck et al. 1992), making it less susceptible 
to fire damage. Little wo rk has been done regard ing the value of this plant as a greenstrip 
species. Because of its growth form , P. smithii may provide a higher leve l of fuel 
17 
continuity than with other species considered for this study. Defoliation of P. smilhii has 
been shown to increase the proportion of biomass allocated aboveground (Painter et al. 
1989). However, this increase in biomass may be negated by proper grazing 
management. 
Poa secunda (Sandberg bluegrass) is a short, perennial bunchgrass. Poa secunda 
is dormant in the summer, but produces little biomass, providing low fuel continuity and 
reduced fine fuel loads. It has rlone we ll on the semiarid Columbia Plateau (Washington) 
against high levels of competition from B. tectorum (Link et al. 1990). 
Because of the small amount of biomass production during the growing season, P. 
secunda could be an ideal greenstrip species in areas where grazing is not feasible. Link 
et al. (1990) demonstrated that once establi shed, P. secunda could compete with B. 
tectorum , even in a water-limited environment. Monsen (1994) observed the natural 
recovery of some P. secunda stands that had been infested by B.tectorum and noted that 
P. secunda is one of the most widespread native grasses to occur in a shrub-cheatgrass 
community. 
Kochia prostrata (forage kochia, prostrate summer cypress) is a perennial half-
shrub, native to the semi-desert and mountainous zones of the former Soviet Union, 
central Europe, and the eastern Mediterranean (Shishkin 1936). It is generally long- li ved 
with a highly variable growth form. It has demonstrated a high tolerance to salt, drought, 
and winter stress. and is desirable browse and forage for big game and livestock (Waller 
et al. 1983). In the former Soviet Union, it has been used as a valuable shrub for browse 
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by sheep, cattle, goats, camels, and horses (Shishkin 1936). Britton and Sneva (1977) 
fou nd that K. pros/rata had excellent potential for forage production in the western 
United States. McArthur eta!. (1974) suggested that it would be a valuable multipurpose 
shrub on many soi l types in the Intermountain West. Preliminary observations by Blauer 
eta!. ( 1976) in Utah indicated that muledeer seek out the species. Kochia prostrata has 
done well in plantings established in several vegetation types, including those dominated 
by Pinus and Juniperus (pinyo n-juniper) species, Artemisia tricen/a/a ssp. lridenta/a 
(basin big sagebrush) and Sarcobatus vermiculatus-Atriplex confertifolia (greasewood-
shadscale) (McArthur eta!. 1974). 
Kochia prostrata is extremely well adapted to the Intermountain West, but some 
concessions must be made in order to have a successful planting. Kochia pros/rata seeds 
have a post harvest dormancy of approximately 5 months (Balyan 1972, Monsen and 
Turnipseed 1990). Stewart eta!. (200 I) found that mature forage kochia seed remained 
viable in storage longer than prematurely-harvested seeds; Stewart et a!. (200 I) also 
indicates that low seed water content (2 to 6%) is critical to preserve seed viability. 
Kitchen and Monsen (200 I) found that seed stored in a freezer ( -15 °C) more than I 0-
times the live seedlings 4 months after planting than that of lab- and shed-stored seed. 
19 
MATERIALS AND METHODS 
Site Description 
Camp Williams 
Camp Williams is located 16 km south of Salt Lake City on the east slopes of the 
Traverse Mountains near Utah Highway 68. The Camp covers approximately I 0,182 ha. 
Since the primary focus o f thi s study is firebreak establishment, the only area utili zed for 
this study is the impact area. Live ordnance is fired year-round in thi s area for troop 
training. The impact area is approximately 2, 146 ha, and large portions of it burn 
annually. Greenstrip plots were placed between the double-bulldozed lines that currentl y 
serve as the firebreak. 
The ex isting plant community included western wheatgrass (Pascopyrum smithii), 
Sandberg' s bluegrass (Poa secunda) , rabbitbrush (Chrysothamnus viscidiflorus), and 
sagebrush (Artemisia tridenlata ssp. wyomingensis) . 
Camp Williams has been used for military encampments since 1854. In 1914 and 
1915, President Woodrow Wilson set aside 7,570 ha ofland near the Jordan Narrows to 
provide maneuve r grounds for the Utah National Guard. This land was rough and broken 
with no place for a headquarters. so the state purchased another 143 ha in 193 1 (F igure 
2). In 1928, guard units began using Camp Williams as a permanent site fo r annual 
trai ning exercises. The impact area has had li ve rounds fired on it since before World 
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War II. Camp Williams was grazed in the spring and summer by cows and calves with 
an estimated stocking rate of0.23 Animal Unit Month' s (AUMs)/ha. 
Alluvial fans from the adjoining Oquirrh Mountains overlay terrace soils of 
Pleistocene Lake Bonneville to form a geologically complex mosaic. Oakbrush (Quercus 
gambelli) and tall shrubs dominate upper elevation vegetation, and Artemisia 
spp./grassland communities dominate lower elevations. The Draper, Utah NOAA 
precipitation station, approximately 11 .3 km northeast of Camp Williams, averaged 526 
mm of precipitation per year during the course of this study (NOAA 200la). The long-
term average annual prec ipitation at Camp Williams is 404 mm (Table 3). 
Table 3. Seasonal precipitation (mm) at Camp Williams from 1963 to 2000 NOAA 
2001a . 
Season 1996 1997 1998 
Long-term Average 
(1963-2000) 
January 125 100 38 42 
February 38 40 136 37 
March 43 25 3 1 36 
April 39 29 55 53 
May 56 22 54 48 
June II 29 9 1 25 
July 29 15 20 2 1 
August 2 37 45 26 
September 19 47 24 24 
October 4 1 67 53 38 
November 67 33 26 33 
December 44 39 21 
Annual 5 15 482 58 1 404 
Promontory Point 
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Promontory Point is located approximately 7.5 km west of Golden Spike National 
Monument near Promontory, Utah. The ranch covers I 0,630 ha of deeded land and 2,756 
ha of leased land with vegetation types varying from seeded A. cristatum pastures to large 
mature stands of Sarcobatus vermiculatus, Purshia tridentata (bitterbrush), and Artemisia 
spp. 
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Cattle traditionally grazed Promontory Point Ranch. Beginning in the early 
1950s, much of the native sagebrush-steppe and brush vegetation was plowed and planted 
into different varieties of A. cristatum. Varying levels of planting success or failure were 
evident in these pastures. The ranch was grazed from November to March as winter 
pasture for first-calf heifers and their calves during this study. Sheep were leased as 
necessary to maintain a viable shrub ecosystem but were not used during this study. The 
average stocking rate in the stt,dy pasture was 0.21 AUMslha. 
Soils are in the Thiokol series. They are nonnally well-drained soils found on 
lake terraces. They were formed in strongly calcareous, mixed lake sediments from 
limestone and sandstone. The vegetation in non-cultivated areas consists primarily of 
Arlemisia species, Krascheninnikovia lana/a (winterfat), and various annual grasses and 
forbs. Average annual temperature ranges from 7.2-10 degrees C. Precipitation data 
were gathered from the Thiokol plant near the study site (Table 4 ). Mean annual 
precipitation during the course of this study was 433 mm; the long-tenn average is 364 
mm annually (NOAA 200lb). 
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Table 4. Mean monthly precipitation (mm) from the Thiokol Plant near 
Promontory Point from 1963 to 2000 (NOAA 2001b). 
Season 1996 1997 1998 
Long-term Average 
( 1963 - 2000) 
January 28 57 55 29 
February 32 79 27 
March 16 30 30 
April 21 30 27 35 
May 83 46 120 46 
.June 0 98 50 37 
July 29 65 47 20 
August 27 16 23 
September 25 26 27 27 
October 43 II 36 32 
November 36 18 13 31 
December 66 20 14 26 
Total Annual 380 406 513 364 
Methods 
Site clearing and seedbed preparation were accomplished by disking both research 
sites in the fall of 1996. Due to the rugged, rocky terrain at Camp Williams, an Ely chain 
was used to prepare the area. The Ely chain provided an effect similar to disking. A 
standard disc was used to prepare the site at Promontory Point. Each site was disked 
twice in an attempt to limit the competition of the existing vegetation. All species were 
seeded individually on a thin bed of snow in the winter of 1996-1997 using a broadcast 
seeder with a light chain pulled behind the broadcast seeder. Agropyron desertorum var. 
Nordan, Pascopyrum smithii var. not specified, Poa secunda, and Kochia pros/rata var. 
Immigrant were seeded separately based on the recommended seeding rate (Table 5). 
Agropyron desertorum, P. smithii, and P. secunda were purchased from Granite Seed 
Company in Lehi, Utah, in November, 1996. The K. pros/rata was received from the 
Boise, Idaho, BLM seed warehouse in the winter of 1996. 
Table 5. Seeding rates used for Camp Williams and Promontory Point studies. 
Rates recommended by Interagency Forage and Conservation Planting Guide for 
Utah (Horton 1994). 
Species Recommended Seeding Rate Seeding Rate Used 
(PLS kg/ha) (PLS kg/ha) 
Agropyron desertorum 7.86 - 8.98 8.98 
Kochia prostrata 1.1 2 - 4.49 1 1.12 
Pascopyrum smithii 10.1 - 11.33 11.33 
Poa secunda 4.49 4.49 
Plot size for each species was 0.4 ha (200 m x 20m). Four species with 3 
rep lications were established at each site using a randomized complete block design. 
Five subplots were established in each plot. To evaluate each species according to its 
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abi lity to withstand grazing during establishment, an exclosed ungrazed plot and a paired 
grazed plot, both 23 m2, were establi shed in each subplot, and subplots were arranged in a 
stratified randomized block design (Figure 3). Livestock grazed during late spring (May 
to June) at Camp Williams and later winter (January to March) at Promontory Point. 
Plots were not placed within 2m of the fence to avoid potential animal impacts caused by 
the fence . 
1 The lowest recommended seeding rate was used for this study due to limited avai lability of the 
species. 
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Figure 3. Example of a single plot with the five stratified subplots. 
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Frequency data were collected in April and May of 1997 and 1998. Frequency is 
defined as the percentage of occurrence of a species (presence or absence) in a series of 
samples of uniform size (USDI BLM 1999). A 75 cm2 frequency frame (Vogel 1987, 
Masters 1995, Voge l and Masters 200 1) made of25 squares (5 x 5 em) was used to 
determine the frequency of occurrence of each planted species, as well as the frequency 
of primary weed competition. Weed frequency data were collected for B. lee/arum, 
Sa/sola /ragus (prickly Russian thistle), and Cera/ocephala testicu/ata (curveseed 
butterwort, burr buttercup). 
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To collect frequency data, the frame was placed within the seeded area in each 
treatment in each subplot. Cells (5 x 5 em) containing one or more of the plants li sted 
above were counted. These data can be converted to a conservative estimate of plants per 
m
2 
using the method described by Vogel and Masters (200 I). Vallentine ( 1989) 
describes seeding establishment in the Intermountain Region (in plants/m2) as excellent 
with 8 or more plants/m2, good with 5 to 7 plants/m2, fair with 3 to 4 plants/m2, and poor 
with 2 or fewer plants/m2 
The paired grazed and ungrazed plots in each of the five subplots were clipped by 
species in the fall of 1997 and 1998 using a 0.08-m2 quadrat. Five clippings were taken 
in each exclosure and paired plot, resulting in 25 clippings per plot for a total sampling 
area of2 m2 per treatment per plot. Each quadrat was clipped to within I em of the 
ground. Samples were separated by species for current years' growth; litter was gathered 
and bagged separately. Litter was defined as dead plant material that was not connected 
to living plant tissue (i.e. , sagebrush stems separated from the plant would be considered 
litter) and plant materials more than I year old (i.e., gray in color and on the ground) . 
Samples from 1997 were oven dried and weighed. 
Due to time constraints, double sampling was performed in 1998 with moisture 
correlation factors developed through the oven-drying of collected samples. Doubling-
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weight sampling (double sampling) was performed using the methodology described in 
"Sampling Vegetation Attributes," BLM Technical Reference 1734-4 (USDI BLM 
1999). Estimated dry weight was converted to tonnes/ha. Average estimated dry weight 
for each treatment level was used to develop the custom BEHA YEP! us fire model. 
Fuel bed depth data were collected from all treatments and plots at each site . The 
height of the tallest plant was measured in each sample area, for a total of 25 
measurements per treatment per plot. The mean height was c"lculated for each treatment 
and plot and used as fuel bed depth in the custom BEHA YEP Ius fire model. 
The primary fuel model type prior to greenstrip establishment was identified at 
Camp Williams as Fuel Model 5 and at Promontory Point as Fuel Model I using 
descriptions provided in Rothermel ( 1983) and Anderson (1982). These were used to 
develop the baseline fire behavior data. 
Fire behavior data were analyzed using BehavePlus version 1.0.0 (Andrews eta!. 
2002). Fue l Models were customized to more accurately describe the change in fuel 
loads and heights to estimate fire behavior characteristics. The Fuel Models as 
customized for this study were " initia li zed," or set up, using the established Fuel Model 
matched with the site characteristics. For this study, Fuel Model 1 was used as the 
baseline model for Promontory Point and Fuel Model 5 was used as the baseline model 
for Camp Williams. The environmental conditions used to estimate the change in fire 
behavior characteristics are li sted in Table 6. Air temperature and rel ati ve humidity were 
used to calculate fine fuel moisture. Environmental conditions were selected that most 
closely resembled fire conditions in the study area. 
Table 6. Environmental variables manipulated in the BehavePlus fire modeling 
program for Camp William§ and Promontory Point. 
Air Temperature1 Relative Humidity 1 Fine Fuel 
(oC) (%) Moisture(%) 
16 7 3 
25 15 
38 25 
Variables used to calculate fine fuel moisture. 
Windspeed 
(km/hour) 
10 
20 
Slope(%) 
0 
20 
50 
Biomass data from the greenstrip treatments in 1997 and 1998 were used as the 
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estimated fuel loads. Mean fuel loads were then compared to grass and shrub fuel models 
designed for the Intermountain West to determine the type and intensity of fires that can 
be controlled with the greenstrip. An estimate was made of the rate of spread (ROS), 
fireline intensity (FI), and flame length (FL) using methodology set by Rothermel (1983) 
and the fire modeling program BehavePlus version 1.0.0 (Andrews et al. 2002). ROS 
was calculated in m/min, FJ was calculated in kw/m, and FL was calculated in m. Fire 
behavior comparisons were made between 3 basic fuel models for each site. At Camp 
Williams, Fuel Model 5 described by Rothermel ( 1983) was compared to customized fuel 
models representing the unmanaged greenstrip (FMUG - Fuel Model Ungrazed) and the 
managed greenstrip (FMG - Fuel Model Grazed). Similar comparisons were made at 
Promontory Point. Fuel Model I described by Rothermel (1983) was compared to 
customized fuel models representing the unmanaged greenstrip (FMUG - Fuel Model 
Ungrazed) and the managed greenstrip (FMG - Fuel Model Grazed). 
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Frequency and biomass data were analyzed using the mixed ANOY A procedure 
in SAS (SAS Institute Inc. I 999). Analyses were separated for the seeded vs. weed 
species because several of the initial analyses showed that the species effect (when using 
all seeded and weed species) interacted with other effects, such as management treatment 
(grazed or ungrazed). A Type 3 Test for Fixed Effects (SAS ~nstitute Inc. 1999) was 
used to detem1ine significance of the main effects on frequency and biomass. Where 
significance was found, the difference of least squares means (SAS Institute Inc. 1999) 
was completed to determine the reason for significance. Species and sites were not 
combined for statistical analysis. A Student's t-test was used to determine significance of 
paired frequency values (SAS Institute Inc. 1999). Significance was established at 
p<0.05 for all analyses . 
The main effects evaluated were seeded plant species (Agropyron desertorum, 
Poa secunda, and Pascopyrum smilhii), grazing treatment (grazed and ungrazed), and 
year of study (1997 and 1998). Weed species (Bromus tec/orum and Sa/sola tragus) 
were evaluated separately by the plot in which they were found (seeded species, grazing 
treatment, and year of study). 
Fire model output were not compared stati sticall y since results were estimates and 
could not be compared to actual burn data. 
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RESULTS 
Frequency 
Camp Williams 
No significant difference was found between the frequency of Agropyron 
desert arum, Pascopyrum smithii, and Poa secunda in grazed and ungrazed treatments in 
1997. Kochia pros/rata did not germinate or establi sh in any plot. Because of its fa ilure 
to establish, K. pros/rata was dropped from all subsequent analyses. 
Although there was no difference in the frequency of seeded species regardless of 
grazing treatment, subtle differences in the response of each species to grazing became 
evident upon completion of Type 3 Test of Fixed Effects (Appendix I, Table 33 and 
Table 34) and least squares means ana lyses (Appendix I, Table 37 and Table 38). 
Due to their abundance, Bromus tectorum and Sa/sola tragus were analyzed for 
frequency. There was a significant difference in the higher frequency of B. tectorum and 
S. tragus (p = 0.0446) between the grazing treatments in 1997 (Appendix I, Table 35 and 
Table 36). Similar results were evident for the frequency of seeded species for I 998, 
with no differences between seeded species, grazing treatments, or their interaction. 
There was a significant difference in the frequency of weed species in 1998 (p = 0.0004), 
wi th more B. lectorum (l east squares mean = 2.9462) than S. tragus (least squares mean = 
0.007 1) (Appendix I, Table 39 and Table 40). 
The interaction between grazing treatments for seeded spec ies and weed species 
vari ed depending on seeded species and treatment. Ungrazed plots had more B. tectorum 
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and S. tragus than grazed plots in 1997 (Table 7). Ungrazcd plots had more B. tectorum 
again in 1998 (Table 8). There was more A. desert arum in grazed treatments in 1998 
than in ungrazed treatments (Table 8). 
Table 7. Mean frequency values for Agropyron desertorum and weed species at 
Camp Williams in 1997. Means within a species (row) followed by an asterisk(*) 
are significantly different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Agropyron desertorum 2.45 2.42 
Bromus tectorum 2.65* 4.17* 
Ceratocephala testiculata 4.07 4.58 
Sa/sola tragus 0.25* 0.95* 
Table 8. Mean frequency values for Agropyron desertorum and weed species at 
Camp Williams in 1998. Means followed by an asterisk(*) are significantly 
different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Agropyron desertorum I 0.48* 8.85* 
Bromus tectorum 19.98* 21.79* 
Ceratocephala testiculata 12.59 13.95 
Sa/sola tragus 0 
When comparing treatments across years there was a significant increase in all 
seeded and weed species, of grazing treatment. Plots seeded with Pascopyrum smithii 
had no difference between treatment and species in 1997 or 1998 (Table 9 and Table 10). 
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Table 9. Mean frequency values for Pascopyrum smithii and weed species at Camp 
Williams in 1997. Means followed by an asterisk(*) are significantly different 
(p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Pascopyrum smithii 5.16 4.75 
Bromus tectorum 2.30 3.36 
Ceratocephala testicular a 2.00 2.04 
Sa/sola tragus 0.71 0.57 
Table 10. Mean frequency values for Pascopyrum smithii and weed species at Camp 
Williams in 1997. Means followed by an asterisk(*) are significantly different 
(p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Pascopyrum smithii 11.87 10.73 
Bromus tectorum 18.19 18.97 
Ceratocephala testicu/ala 10.80 10.57 
Sa/sola tragus 0 0 
Plots seeded with P. secunda showed no difference between grazing treatments in 
1997 (Table II). In 1998, there was more B. tectorum in ungrazed than in grazed P. 
secunda plots (Table 12). 
Table 11. Mean frequency values for Poa secunda and weed species at Camp 
Williams in 1997. Means followed by an asterisk(*) are significantly different 
(p<O.OS) as indicated by a Student's !-test. 
Species Grazed Ungrazed 
Poa secunda 1.68 0.98 
Bromus tectorum 4.48 3.44 
Ceratocepha/a testicu/ata 7.93 7.21 
Sa/sola tragus 1.04 0.78 
Table 12. Mean frequency values for Poa secunda and weed species at Camp 
Williams in 1998. Means followed by an asterisk (*) are significantly different 
(p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Poa secunda 4.48 3.45 
Bromus tectorurn 22.72* 23.98* 
Ceratocepha/a testiculata 12.19 11.04 
Sa/sola tragus 0 0 
Seeding success is often described in terms of density (plants/m2) (Vallentine 
1989). Using a method described by Vogel and Masters (1991) frequency data were 
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converted to density and showed A. desertorum and P. smithii achieved fair establishment 
(3 - 5 plants/m2) (Vallentine 1989) regardless of treatment by 1998 (Table 13). 
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Table 13. Mean plant density 1m2 (± standard error) by year and grazing treatment 
for each seeded species at Camp Williams. 
1997 
Seeded Species 
Grazed 
Agropyron desertorum 0.79 (0.11) 
Pascopyrum smithii 1.65 (0.22) 
Poa secunda 0.54 (0.17) 
Promontory Point 
Ungrazed 
0.78 (0.11) 
1.52 (0.19) 
0.32 (0.13) 
Grazed 
3.36 (0.29) 
3.80 (0.27) 
1.45 (0.25) 
1998 
Ungrazed 
2.79 (0.26) 
3.47 (0.29) 
1.15 (0.22) 
Poa secunda and Kochia prostrata did not germinate or establish in any plot at 
Promontory Point and are not included in subsequent analyses. Due to their similarities, 
A. desertorum and A. cristatum were not separated for any analyses at Promontory Point. 
Frequencies of A. desertorum (least square mean = 3.6505) and Pascopyrum 
smilhii (least square mean = 1.1961) were significantly different in 1997 at Promontory 
Point (p = 0.0002). Additionally, the interaction between seeded species and grazing was 
significant (p = 0.0445). Least squares means analysis indicated that A. desertorum 
decreased under t;razing (least squares mean = 3.7652) while P. smithii increased under 
the grazing treatment (least squares mean = 1.3686) (Appendix I, Table 39 and Table 
40). The frequency of weeds in the grazed treatment (least squares mean = 1.2521) was 
greater than that in the ungrazed treatment (least squares mean = I 1203) in 1997 (p = 
0.0488) (Appendix I, Table 41 and Table 42) 
The interaction between seeded and weed species varied depending on the seeded 
species. Grazed A. desertorum plots had significantly less A. desertorum than ungrazed 
plots in 1997 and 1998 (Table 14 and Table 15). Grazed A. desert arum plots also had 
significantly more B. tectorum than ungrazed plots in 1997 and 1998. 
Table 14. Mean frequency values for Agropyron desertorum and weed species at 
Promontory Point in 1997. Means followed by an asterisk(*) are significantly 
different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Agropyron desertorum 41.93* 60.53* 
Bromus tectorum 13.07* 9.53* 
Ceratocephala testiculata 29.60 29.33 
Sa/sola tragus 6.93 4.87 
Table 15. Mean frequency values for Agropyron desertorum and weed species at 
Promontory Point in 1998. Means followed by an asterisk(*) are significantly 
different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Agropyron desertorum 51.07* 68.40* 
Bromus tectorum 12.93* 9.13* 
Ceratocepha/a testiculata 29.07 30.00 
Sa/soia /ragus 6.27 4.87 
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Grazed P. smithii plots had more P. smithii than ungrazed plots in 1997 and 1998 
(Table 16 and Table 17). The frequency of Bromus tee/arum was higher in the grazed 
treatment in 1997 (Table 16); no difference was evident in 1998 (Table 17). 
Table 16. Mean frequency values for Pascopyrum smithii and weed species at 
Promontory Point in 1997. Means followed by an asterisk(*) are significantly 
different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Pascopyrum smithii 5.47* 2.87* 
Bromus tectorum 20.60* 11.07* 
Ceratocepha/a testiculata 12.33 15.20 
Sa/sola tragus 8.07 6.4 
Table 17. Mean frequency values for Pascopyrum smitltii and weed species at 
Promontory Point in 1998. Means followed by an asterisk(*) are significantly 
different (p<O.OS) as indicated by a Student's t-test. 
Species Grazed Ungrazed 
Pascopyrum smithii 8.00* 4.80* 
Bromus teet arum 9.2 7 10.20 
Ceratocephala testiculata 2 1.00 16.8 
Sa/sola tragus 7.60 6. 53 
Agropyron desert arum and P. smithii increased significantly from 1997 to 1998 
regardless of gr,Jzing treatment. Bromus tectorum increased in grazed plots seeded with 
P. smithii from 1997 to 1998; frequency of other species did not change from 1997 to 
1998 regardless of seeded species or treatment. 
Based on plant densities recommended by Vallentine (1989) to rate seeding 
success, A. desertorum had excellent establishment(> 8 plants/m2) in 1997 and 1998 at 
Promontory Point (Table 18). Pascopyrum smithii had poor establishment(< 3 
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plants/m2) in 1997 but improved to fa ir establi shment (3 - 5 plants/m2) in the grazed 
treatment in 1998. 
Table 18. Mean plant density 1m2 (± standard error) by year and treatment for each 
seeded species at Promontory Point. 
1997 1998 
Seeded Species 
Grazed Ungrazed Grazed Ungrazed 
Agropyron desertorum 13.42 (0.65) 19.37 (0.93) 16.3 (2.04) 2 1.9 (2.8) 
Pascopy rum smithii 1.75 (0. 13) 0.92 (0.09) 2.6 (0.57) 1.5 (0.44) 
Biomass 
Camp Williams 
Biomass of all species and litter was significantly higher (p<0.05) in ungrazed 
plots than in grazed plots in 1997 . Of the seeded species, more total biomass was 
produced by the A. deserlorum and P. smithii than P. secunda. Litter made up the 
majority of biomass by weight of each plot. There was a significant increase (p<0.05) in 
total plot biomass from 1997 to 1998. 
Biomass of seeded species was higher in ungrazed than grazed treatments in 1997 
and 1998 (Table 19). No difference was found in B. /ectorum and S. tragus biomass, 
regardless of grazing treatment. Weed species were significant in 1998 (p = 0.0361) with 
more B. tec/orum (least squares mean = 1.6792) than S. tragus (least squares mean = 
0.0620), regardless of grazing treatment. 
38 
Spring grazing did not decrease B. tectorum standing crop in 1997, but it did 
decrease B. tee/arum standing crop in 1998 (Table 19). An increase in total plot biomass 
occurred between both grazed and ungrazed treatments from 1 997 to 1998. Other species 
(other than a seeded species or B. tectorum), including Artemisia tridentata, 
Chrysothamnus viscidiflorus, Alyssum alyssoides, and Gutierrezia sarothrae made up the 
largest portion of the biomass in each plot. Due in part to the diversity of the plant 
community, B. tectorum was the only other species identified as a dominant species on a 
biomass basis. Numerous individual species were identified but only accounted for a 
small portion (less than 5%) of the total biomass. Appendix 2 details species harvested at 
each study site. 
Table 19. Mean biomass (kg/ha) by treatment and year for Agropyron desertorum 
and associated vegetation categories* at Camp Williams. 
1997 1998 
Category 
Grazed Ungrazed Grazed Ungrazed 
Agropyron desertorum 16a 108b 120b 278c 
Bromus tectorwn 34a 34a 223b 528c 
Other spec ies 272a 604b 574b 820c 
Litter 891 a 573b 1340c 1104c 
Total plot biomass 1214a 1320a 2258b 2725c 
*Means followed by the same letter within a category (row) are not different 
(p<0.05) as indicated by least squares means analysis (Appendix 1, Table 52 (1997) 
and Table 53 (1998)). 
Spring grazing decreased the standing crop of herbaceous species in 1997 and 
1998 (Table 20). Pascopyrum smithii increased in biomass from 1997 to 1998 in both 
grazing treatments. Litter levels varied between treatments and year, but made up the 
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largest portion of biomass, regard less of grazing treatment. This resulted from the 
sagebrush-dominated community that dominated the site prior to seedbed treatment. 
More than 70% of this litter was associated with stems and sti cks from the sagebrush. 
This litter was breaking down and will decrease over time. 
Table 20. Mean biomass (kglha) by treatment and year for Pascopyrum smithii and 
associated vegetation categories at Camp Williams*. 
19~ 19~ 
Category 
Grazed Ungrazed Grazed Ungrazed 
Pascopyrum smithii 13a 48b 73c 362d 
Bromus tectorum 44a 69b 296c 329c 
Other 326a 40la 626b 1006c 
Litter 1162a 1820b 1963b 1438c 
Total plot biomass 1545a 2338b 2958c 3 135d 
*Means followed by the same letter within a category (row) are not different 
(p<0.05) as indicated by least squares means analysis (Appendix 1, Table 52 (1997) 
and Table 53 (1998)). 
Mean biomass of P. secunda, other species, and litter, was significantly different 
(p< 0.05) across treatments (Table 21 ). Mean biomass of litter was significantly different 
from B. tee/arum and P. secunda. Paa secunda rmduced the least biomass of all seeded 
species at Camp Williams (Tables 19, 20, and 21 ). 
Bramus tee/arum biomass increased between 73 and 79% in the different seeding 
treatments in grazed plots and 88 to 219% in ungrazed plots from 1997 to 1998 (Table 
22). While B. tee/arum increased similarly in the grazed plots seeded with A. deserlarum 
and P. secunda between 1997 and 1998, it increased exponentially in the ungrazed plots 
seeded with these same species, indicating that spring grazing slowed the growth and 
estab li shment of B. tee/arum. 
Table 21. Mean biomass (kg/ha) by treatment and year for Poa secunda and each 
associated category at Camp Williams*. 
Category Grazed Ungrazed Grazed Ungrazed 
Poa secunda 9a 28b 4c 7c 
Bromus tecrorum 48a 89b 402c 743d 
Other 373a 799b 543c 1063d 
Liner 1099a 930a 2306b 1670c 
Total plot biomass 1530a 1846b 3256c 3484c 
*Means followed by the same letter within a category (row) are not different 
(p<0.05) as indicated by least squares means analysis (Appendix 1, Table 52 (1997) 
and Table 53 (1998)). 
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Table 22. Percent increase of the biomass of Bromos tecto rum from 1997 to 1998 by 
~ecies and treatment. 
% increase of B. tectorum from 1997 % increase of B. tec/Orwn from 
Seeded Species 
to 1998 - grazed treatment 1997 to 1998- ungrazed treatment 
Agropyron desertorum 73 219 
Pascopyrum smithii 74 88 
Poa secunda 79 163 
Promont01y Point 
Biomass of the seeded species was significant in 1997 (p = 0.0202). There was 
more A. deser/orum (least squares mean = 3.6024) than P. smithii (least squares mean = 
1.4415), regardless of grazing treatment. There was also a significant difference in the 
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biomass of B. tee/arum and S. tragus, regardless of grazing treatment (p = 0.0029), with 
moreS. tragus (least squares mean= 3.5738) than B. tee/arum (least squares mean = 
1.1465). 
Biomass of the seeded species was significant in 1991! (p = 0.0344). There was 
significantly more A. desertarum (least squares mean = 5.8288) than P. smithii (least 
squares mean = 2.5821 ), regardless of grazing treatment. There were no significant 
differences in weed species biomass. 
Table 23 shows the mean biomass of A. desertarum, B. tectarum, S. tragus, other 
species, and the total plot biomass in grazed and ungrazed treatments for 1997 and 1998. 
Litter and B. tectarum were relatively small components; A. desertarum and S. tragus 
dominated the site. Mean biomass of grazed and ungrazed treatments in 1997 was not 
different (Table 23). There was an increase in the biomass of all herbaceous species from 
1997 to 1998 (Table 23). Artemisia species were not present at the Promontory Point 
study site; litter was primarily composed of herbaceous material. 
Pascapyrum smithii produced very little biomass (Table 24). There was moreS. 
tragus biomass in ungrazed than grazed plots seeded with P. smithii between 1997 and 
1998. There was an increase in the mean biomass of all herbaceous species from 1997 to 
1998, but not for litter. Bramus tectarum was a minor component, and is not addressed 
further in this section. 
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Table 23. Mean biomass (kglha) by treatment and year for Agropyron desertorum 
and associated ve elation cate ories at Promonto Point*. 
1997 1998 
Category 
Grazed Ungrazed Grazed Ungrazed 
Agropyron desertorum 103a I lOa 938b 12 16c 
Bromus tectorum 4a 3a 83b 48c 
Sa/sola tragus 112a 103a 276b 284b 
Other species ?a 3a 278b 17 Jc 
Litter 26a 17a 11 7b 105b 
Total plot biomass 25 Ja 236a 169 Jb 1823b 
*Means followed by the same letter within a category (row) are not different 
(p<O.OS) as indicated by least squares means analysis. 
Table 24. Mean biomass (kglha) by treatment and year for Pascopyrum smithii and 
associated ve~:etation cate~:ories at Promontory Point*. 
1 9~ 1 9~ 
Category 
Grazed Ungrazed Grazed Ungrazed 
Pascopyrum smithii lOa 9a 66b 
Bromus tectorum 13a 12a 58b 
Sa/sola tragus 67a 11 9b 727c 
Other spec ies 35a 28a 2 16b 
Liner 30a 38b 85c 
Total plot biomass 155a 206b 1152c 
*Means follow~d by the same letter within a category (row) are not different 
(p<O.OS) as indicated by least squares means analysis. 
Fire Behavior 
Camp Williams 
4 1b 
57b 
242d 
300c 
89c 
730d 
Tables 25 and 26 illustrate the key variables that were altered in creating custom 
fue l models fo r each treatment at Camp Will iams. One-hour fuels are described as fuels 
less than 0.64 em (0.25 in) in diameter (Andrews et al. 2002). This was essentially 
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everything in the plot but the litter. Ten-hour fuels are described as fuels with a diameter 
between 0.64 and 2.54 em (0.25 to I in) (Andrews et al. 2002). This fuel class included 
all litter values. The primary changes during the first year (1997) occurred in the 
red uction of the !-hour fuels, I 0-hour fuels, and woody fuels. Fuel bed depth also 
decreased due to the seedbed treatment in 1997. Grazed treatments decreased !-hour 
fuels more than 80% while the ungrazed treatments had 60% less one-hour fuels than the 
standard Fuel Model 5 (FM5). During the second year ( 1993), the ungrazed treatments 
allowed the 1- hour fuels to increase and were only 24% less than the standard FM5. 
One-hour fuels in the grazed treatment increased during the second year but were still 
60% less than the standard FM5. Ten-hour fuels increased because of the removal of 
previously-live woody fuels. Fuel depth was approx imately 50% less in both grazed and 
ungrazed treatments compared to FM5. 
Establi shment of the greenstrip removed a significant portion of the shrub 
community, changing the community from Fuel Model 5 (pre-greenstrip) to Fuel Model 
I (post-greenstrip). 
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Table 25. Mean fuel load va lues and fuel bed depth used in fire modeling for FMS, 
FMG d FMUG f h d d . . 1997 C w·tr , an or eac see e spec1es m at amp I 1ams. 
FMS FMG FMlJG 
Variable ·-- AGDE PASM POSE AGDE PASM POSE 
2.25 0.32 0.38 0.43 0.75 0.52 0.92 
1-hr fuel load (tonne/ha) 
I 0-hr fuel load (tonne/ha) 1.12 0.89 1.16 I. I 0.57 1.82 0.93 
Live herbaceuus fue l load 
0 0 0 0 0 0 0 
(tonne/ha) 
Live woody fuel load 
4.49 0 0 0 0 0 0 
(tonne/ha) 
Fuel bed depth (m) 0.61 0.27 0.32 0.22 0.4 1 0.36 0.28 
Table 26. Mean fuel load va lues and fuel bed depth used in fire modeling for FMS, 
FMG d FMUG f h d d . . 1998 C w·tr , an or eac see e spec1es m at am 1 Jams. 
FM5 FMG FMlJG 
Variable --- AGDE PASM POSE AGDE PASM POSE 
1-hr fuel load (tonne/ha) 2.25 0.92 0.99 0.95 1.62 1.7 1.81 
I 0-hr fuel load (tonne/ha) 1.1 2 1.37 1.96 2.3 1 1.1 1.44 1.67 
Live herbaceous fuel load 
(tonne/ha) 0 0 0 0 0 0 0 
Live woody fue l load 
(tonne/ha) 4.49 0 0 0 0 0 0 
Fuel bed depth (m) 0.61 0.31 0. 33 0.27 0.44 0.38 0.3 1 
Tables 27, 28, and 29 detail the rate of spread (ROS), fireline intensi ty (F l), and 
flame length (FL) for fires occurring on slopes of 0%, 20%, and 50%, respectively, at 3 
wind speeds (5 km/hr, 10 km/hr, and 20 km/hr) in 3 fuel types at Camp Williams. The 
grazed greenstrip (FMG) provided a substant ial reduction in ROS, FI, and FL from the 
shrub community (FM5) and the ungrazed greenstrip (FMUG) (Tables 28 and 29). 
Based on BEHA YEP Ius fire model simulations, fires with fuel moistures above 
the point of extinction (12%) would burn very slowly or bum out. 
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Table 27. Rate of Spread (ROS, m/min}, Fireline Intensity (Fl, kw/m), and Flame 
Length (FL, m) for fires occurring on a 0% slope with fine fuel moistures of3%, 
5%, and 7% at three windspeeds (5 km/hr, 10 kmlhr, and 20 km/hr) in three fuel 
types (FM5, FMUG, and FMG) identified at Camp Williams. ROS, FI, and FL 
were calculated using BehavePlus (Andrews et al. 2002). 2 
Fine 
fuel 
mois-
ture 
Out· Wind Speed 5 km/hr 
put 
data FM5 FMUG FMG 
ROS 9.4 6.5 
Fl 194 78 
FL 0.9 0.6 
ROS 7.4 5.1 
Fl 134 54 
FL 0.7 0 .5 
ROS 4.8 
Fl 123 49 
FL 0.7 0.5 
Wind Speed 10 km/hr Wind Speed 20 km/hr 
FM5 FMUG FMG FM5 FMUG FMG 
22.7 19.8 58.4 91.1 19.8 
3458 235 8898 1883 235 
3.3 I'' 5.1 2.5 
20.7 1'11 13.3 51.5 >I X 13.3 
275 1 142 7077 IJI.., 142 
II 0.8 4.6 0.8 
19.4 )/).1 10.9 50 10.9 
26 15 Ill 6728 Ill 
2.9 11 0.7 4.5 0.7 
2Flame lengths less than 1.2 m can be managed by band crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rothermell982). 
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Table 28. Rate of Spread (ROS, m/min), Fireline Intensity (FI, kw/m), and Flame 
Length (FL, m) for fires occurring on a 20% slope with fine fuel moistures of3%, 
5%, and 7% at three windspeeds (5 km/hr, 10 km/hr, and 20 km/hr) in three fuel 
types (FM5, FMUG, and FMG) identified at Camp Williams. ROS, FI, and FL were 
calculated usinG BehavePlus ~Andrews et al. 2002!. 2 
Fine Out- Wind Speed 5 km/hour Wind Speed I 0 kmlhour Wind Speed 20 kmlhour fu el 
mois- put 
ture 
data FM5 FMUG FMG FM5 FMUG FMG FM5 FMUG FMG 
ROS II 23.7 20 59.4 91.1 20 
Fl q 227 91 3610 235 9050 1883 235 
FL ) ' 0.9 0.9 3.4 I r, 5.1 2.5 
ROS 9. 1 6.4 21.6 13.3 54.3 13.3 
Fl I ,r, 169 38 3058 :;()<) 142 7664 11 1 X 142 
FL 0.8 0.5 3.1 I • 0.8 4.7 0.8 
ROS 8. 1 5.7 20.3 )0 ~ 10.9 50.9 ft) (, 10.9 
Fl 
''"" 
144 58 2730 ~X) Ill 6843 ~ ... 9 Ill 
FL 0.8 0.5 2.9 I ' 0.7 4.5 IX 0.7 
2Flame lengths less than 1.2 m can be managed by hand crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rothermel1982). 
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Table 29. Rate of Spread (ROS, m/min), Fireline Intensity (FI, kw/m), and Flame 
Length (FL, m) for fires occurring on a 50% slope with fine fuel moistures of 3%, 
5%, and 7% at three windspeeds (5 km/hr, 10 km/hr, and 20 km/hr) in three fuel 
types (FMS, FMUG, and FMG) identified at Camp Williams. ROS, Fl, and FL were 
calculated using BehavePlus (Andrews et al. 2002). 2 
Fine 
fuel 
mois-
ture 
Out- Wind Speed 5 km!hr Wind Speed I 0 km/hr Wind Speed 20 km/hr 
put 
data FM5 FMUG FMG FM5 FMUG FMG FM5 FMUG FMG 
ROS 15.4 19A 13.6 29 19.8 64.7 91.1 19.8 
Fl 2341 400 16 1 4409 235 9849 1883 235 
FL 2.7 1.2 0.8 3.7 I X 5.3 2.5 
ROS 14 16.1 11.3 26.4 13.3 59 I X 13.3 
Fl 1982 299 120 3734 142 8341 IPX 142 
FL 2.5 1.1 0.7 3.4 I> 0.8 4.9 0.8 
ROS 14.4 lO 24.8 ; ( 10.9 55.4 10.9 
Fl 255 102 3334 Ill 7447 X79 lll 
FL 0.7 3.2 I ' 0.7 4.7 0.7 
2 Flame lengths less than 1.2 m can be managed by hand crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rotherme11982). 
Tables 30, 31 , and 32 compare the percent increase in ROS, FI, and FL from the 
grazed treatments (FMG) to the ungrazed treatments (FMUG) and the pre-greenstrip 
shrub fuel model (FM5). All variables increased by at least 29% depending upon 
environmental variables and the fuel treatment. 
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Table 30. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (Fl, 
kw/m), and Flame Length (FL, m) comparing Fuel Model 5 (FM5) and the ungrazed 
treatment (FMUG) to the grazed treatment (FMG) at Camp Williams on O'Yo slope 
with 5% fine fuel moisture. 
Wind Speed 5 kmlhr 
FM5 FMUG 
ROS 39 31 
FI 95 60 
FL 74 29 
Wind Speed 10 km/hr 
FMS FMUG 
36 55 
95 74 
73 43 
Wind Speed 20 kmlhr 
FM5 
74 
98 
83 
FM UG 
78 
87 
60 
Table 31. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (FI, 
kw/m), and Flame Length (FL, m) comparing Fuel Model 5 (FM5) and the ungrazed 
treatment (FM UG) to the grazed treatment (FMG) a t Camp Williams on 20% slope 
with 5% fine fuel moisture. 
Wind Speed 5 kml ltr 
FM5 FMUG 
ROS 30 30 
FI 97 78 
FL 76 38 
Wind Speed 10 kmlhr 
FM5 
38 
95 
74 
FMUG 
57 
75 
43 
Wind Speed 20 kml hr 
FM5 
76 
98 
83 
FMUG 
30 
97 
76 
50 
Table 32. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (FI, 
kw/m), and Flame Length (FL, m) comparing Fuel Model 5 (FMS) and the ungrazed 
treatment (FMUG) to the grazed treatment (FMG) at Camp Williams on a 50% 
slope with 5% fine fuel moisture. 
Wind Speed 5 kmlhr Wind Speed 10 kmlhr Wind Speed 20 kmlhr 
FMS FMUG FMS FMUG FMS FMUG 
ROS 18 30 50 65 77 78 
FI 94 60 9G 80 98 87 
FL 71 36 76 50 84 60 
Promontory Point 
The original fuel model at Promontory Point was Fuel Model 1 (FMl), a 
grassland fuel model. One-hour fuels were reduced by more than 80% following the 
grazing treatment in year I (1997). Fuel bed depth was not altered. During the second 
year only P. smithii maintained a lower fuel bed. Agropyron desertorum fuel loads were 
similar regardless of treatment in 1997 and 1998; fuel bed depth was 15% greater in the 
ungrazed treatment than the standard FM1 depth (Table 34). 
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Table 33. Mean fuel load values and fuel bed depth for FMl, FMG, and FMUG at 
Promontory p . f 1997 f h d d p p . omt or or eac see e S( ecJeS at romontory OJnt. 
FMl FMG FMlJG 
Variable 
AGDE PASM AGDE PASM 
1-hr fuel load (tonne/ha) 1.66 0.25 0.15 0.24 0.21 
I 0-hr fuel load (tonne/ha) 0 0 0 0 0 
Live herbaceous fuel load (tonne!ha) 0 0 0 0 0 
Live woody fuel load (tonne/ha) 0 0 0 0 0 
Fuel bed deptil (m) 0.3 0.37 0.35 0.41 0.34 
Table 34. Mean fuel load values and fuel bed depth for FMI, FMG, and FMUG at 
Promonto_ry Point for 1998 for each seeded sr ecies at Promont~ Point. 
FMI FMG FMUG 
Variable 
AGDE PASM AGDE PASM 
1-hr fuel load (tonne/ha) 1.66 1.69 1.15 1.82 0.73 
I 0-hr fuel load (tonne/ha) 0 0 0 0 0 
Live herbaceous fuel load (tonne/ha) 0 0 0 0 0 
Live woody fue l load (tonne/ha) 0 0 0 0 0 
Fuel bed depth (rn) 0.3 0. 35 0.37 0.33 0.36 
Tables 35 , 36, and 37 show that FMG provided a substantial decrease in ROS, Fl, 
and FL when compared to FMUG and FMI. 
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Table 35. Rate of Spread (ROS, m/min), Fireline Intensity (Fl, kw/m), and Flame 
Length (FL, m) for fires occurring on a 0% slope with fine fuel moistures of 3%, 
5%, and 7% at three windspeeds (5 km/hr, 10 km/hr, and 20 km/hr) in three fuel 
types (FM5, FMUG, and FMG) identified at Promontory Point. ROS, FI, and FL 
were calculated using BehavePlus ~Andrews et al. 2002~. 3 
Fine fuel Output Wind Speed 5 kmlhr Wind Speed I 0 kmlhr Wind Speed 10 km/hr 
moisture data FMI FMUG FMG FMI FMUG FMG FMI FMUG FMG 
ROS 16.1 15 .8 4 .3 ~.3 149.7 150 4.3 
FI 313 3 11 13 I'> I • 13 2922 2953 13 
FL 1.1 1.1 0.3 0.3 3. 1 0.3 
ROS 13.4 13.1 3. 1 'I • 3. 1 
Fl 23.4 23.2 X\11) XI 8 ~ .. h) 
FL 0.9 0.2 18 I X 0.2 ' l 0.2 
ROS 11 .9 11.7 2.6 "X ; I 2.6 XI 1 2.6 
FI 199 198 ..,(), 7 .:;,tJ !P-1. 7 
FL 0.9 0.9 0.2 I< 0.2 0.2 
1Flame lengths less than 1.2 m can be managed by hand crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rothermell982). 
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Table 36. Rate of Spread (ROS, m/min), Fireline Intensity (FI, kw/m), and Flame 
Length (FL, m) for fires occurring on a 20% slope with fine fuel moistures of 3%, 
5%, and 7% at three windspeeds (5 km/br, 10 km/br, and 20 km/br) in three fuel 
types (FM5, FMUG, and FMG) identified at Promontory Point. ROS, Fl, and FL 
were calculated usinG BebavePius ~Andrews et al. 2002!. 3 
Fine fuel Output Wind Speed 5 km/hr Wind Speed I 0 kmlhr Wind Speed 20 kmlhr 
moisture data FMI FMUG FMG FMI FMUG FMG FMI FMUG FMG 
ROS 19 18.7 4.3 4.3 149.7 150 ~.3 
FI 37 1 368 13 13 2122 2953 13 
FL 1.2 J.2 0.3 'I 0.3 3.1 0.3 
ROS 15.8 15.5 3. 1 3.1 99.7 99.9 3.1 
Fl 277 275 8 ~' h"i 1746 1764 
FL 0.2 X I X 0.2 2.4 2.4 0 .2 
ROS 14.1 13.9 2.6 IX n 2.6 x l J 'JI 2.6 
Fl 236 234 "'9X ,.;;t I •"I 
FL 0.2 I " 0.2 ' I 2 l 0.2 
3Fiame lengths less than 1.2 m can be managed by band crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rothermel 1982). 
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Table 37. Rate of Spread (ROS, m/min), Fireline Intensity (FI, kw/m), and Flame 
Length (FL, m) for fires occurring on a 50% slope with fine fuel moistures of3%, 
5%, and 7% at three windspeeds (5 km/hr, 10 km/hr, and 20 km/hr) in three fuel 
types (FMS, FMUG, and FMG) identified at Promontory Point. ROS, FI, and FL 
were calculated usin~ BehavePius ~Andrews et al. 2002~. 3 
Fine Out· Wind Speed 5 km/hr Wind Speed I 0 km/hr Wind Speed 20 km/hr fuel 
mois-
put 
data FMI FMUG FMG FMI FMUG FMG FMI FMUG FMG 
ture 
ROS 4.3 4.3 149.7 150 4.3 
Fl 'I fl(\(l 13 l"itl.f l"il 13 2922 2953 13 
FL 0.3 0.3 3. 1 0.3 
ROS s ' oX I 3. I (J(lfl h)" 3. I 1)(} ... t)()) 3. 1 
Fl 'ill! J•r It> 11'1 8 II • 8 
FL I l I' 0.2 0.2 ) j 'j 0.2 
ROS 25 .;; 25. I 2.6 '!4 'IX l 2.6 ~I ' XI ' 2.6 
7 Fl -124 t)t)'i 'IX' 7 I <9 Jl"l 7 
FL I i I; 0.2 I~ I X 0 .2 'I ') 0.2 
3Flame lengths less than 1.2 m can be managed by hand crews are colored green. 
Flame lengths from 1.2 to 2.4 m can be managed by mechanical crews and are 
colored orange. Flame lengths above 2.4 m require indirect control measures and 
are colored red (Andrews and Rothermell982). 
Tables 38, 39, and 40 compare the percent increases in ROS, FI, and FL from the 
grazed treatments (FMS) to the ungrazed treatments (FMUG) and the pre-greenstrip grass 
fuel model (FMI). All variables increased by at least 79% depending upon 
environmental variables and the fuel (grazing) treatment. 
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Table 38. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (FI, 
kw/m), and Flame Length (FL, m) comparing Fuel Modell (FMl) and the ungrazed 
treatment (FMUG) to the grazed treatment (FMG) at Promontory Point on 0% 
slope with 5% fine fuel moisture. 
Wind Speed 5 kmlhr Wind Speetl I 0 kmlhr Wind Speed 20 kmlhr 
FMI FMUC FMI FMUC FMI FMUC 
ROS 77 76 94 94 97 97 
Fl 66 97 99 99 100 100 
FL 80 78 89 89 92 92 
Table 39. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (Fl, 
kw/m), and Flame Length (FL, m) comparing Fuel Modell (FMI) and the ungrazed 
treatment (FMUG) to the grazed treatment (FMG) at Promontory Point on 20% 
slope with 5% fine fuel moisture. 
Wind Speetl 5 kmlhr Witul Speed I 0 kml lor Wiml Speed 20 kml hr 
FMI FMUC FMI FMUC FMI FMUC 
ROS 80 80 94 94 97 97 
Fl 97 97 99 99 100 100 
FL 80 80 89 89 92 92 
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Table 40. Percent increase in Rate of Spread (ROS, m/min), Fireline Intensity (FI, 
kw/m), and Flame Length (FL, m) comparing Fuel Model 1 (FMl) and the ungrazed 
treatment (FMUG) to the grazed treatment (FMG) at Promontory Point on a 50% 
slope with 5% fine fuel moisture. 
Wind Speed 5 kmlhr Wind Speetl I 0 kmlhr Wind Speet/10 kmlhr 
FMI FMUG FMI FMUG FMI FMUG 
ROS 89 89 95 95 97 97 
Fl 98 98 99 99 99 99 
FL 86 85 90 90 92 92 
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DISCUSS ION 
The traits used to se lect the species seeded in this study were critical to its 
success. Since grazing was proposed as a management tool, it was critical to use plants 
tolerant of grazing (Archer and Pyke 199 1 ). In addition, seed predation was a concern . 
Nelson et al. ( 1970) found that seed predation by rodents and birds could cause broadcast 
seedings to fail in semiarid rangelands. Thi s was accounted for by using the highest 
recommended seeding rate for each grass species Kochia prostrata did not develop into 
viab le populations at Camp Williams; K. prostrata and Poa secunda did not establi sh at 
Promontory Point and were eliminated from this study. The failure of K. prostrata to 
establ ish at both sites is attributed to the age of the seeds and timing. Seeding was 
performed under less-than-ideal conditions (March and April instead of November or 
December). Our results were consistent with the findings ofHaferkamp et al. (I 990), 
who indicated that seeding establi shment was better when K. prostrata was seeded in the 
fall and winter (before the so il begins to dry) than in earl y and late spring. 
Improper seed storage and age may have also caused the seeding to fai l. Kitchen 
and Monsen (2001) indicated that the method by which K. prostrata is stored strongly 
correlates to germination. Kochia prostrata stored below freezing was I 0-times more 
successful than seed stored above freezing (Kitchen and Monsen 2001). Seed stored at a 
constant warm temperature will have a rapid decrease in germination (Kitchen and 
Monsen 200 I). The K. pros/rata seed was obtained from the Lower Snake Ri ver District 
BLM facility, which did not have climate control in storage. The reason for the failure of 
58 
P. secunda to establi sh at Promontory Point is unknown. Insect predation, primarily ants, 
may have impacted its establishment. Vallentine ( 1989) indicated that the western 
harvester ant, common thmughout the West, creates bare areas of I to 12 meters in 
diameter around each anthill. Addit ionally, the ants fo rage for up to 33 meters from their 
nest to harvest seeds, which compromise their principal diet (Bohart and Knowlton 
1953). This is consistent wi th observations made in the seeded area at Promontory Point, 
where ants deared areas of approx imately 5 m in diameter around each ant mound. Ant 
mounds were found in approximately 37% of the study plots. 
Link et al. ( 1990) indicated that P. secunda is more likely to develop water stress 
than B. tectorum because of its shallow roots, which may have played a role at both sites. 
Winter precipitation was above normal, providing soil moisture for deep-rooted plants. 
Precipitation in the spring (March - May) during establi shment was 45% below the long-
term average for the same time period (Table 3) at Camp Williams. At Promontory 
Point, the spring was very dry with only 7 mm of precipi tation in March. The long-term 
average for March is 30 mm. Agropyron desertorum establishment and producti on in 
1997 was helped by high precipitation in December (more than twice normal 
precipitation), average precipitation in May and a very wet June (200% of normal 
precipitation) the year of establi shment. 
Frequency 
Frequency varied among the seeded species, i.e. , the frequency of P. secunda was 
consistentl y lower than the frequency of A. desertorum or P. smithii at Camp Williams, 
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and the frequency of P. smithii was lower than A. desertorum at Promontory Point. 
Grazing the year after seeding did not impact the frequency of the seeded species at either 
study site. Grazing did have an effect on weed species (B. teetorum and S. tragus) at both 
sites. Grazing at Camp Williams encouraged B. tee/arum; grazing at Promontory Point 
stimulated S. tragus . 
Calculating density from frequency data using the formula presented by Vogel 
and Masters (2001) provided a conservative estimate of plant density. Because frequency 
data weights one plant or 50 plants in the same grid the same, there may be more plants 
present in each grid than are represented by the density calculation. Therefore, although 
seeding success was generally classified as fair by 1998, it is likely that the density was 
higher than calculated using the conversion from frequency data. 
Even using a conservative estimate of plant density, A. desert arum and P. smithii 
established successfully at both study sites. While P. secunda establishment was 
marginal , the species may still persist at Camp Williams. 
None of the seeded species affected the frequency of B. tee/arum at Camp 
Williams, regardless of year. Since year and seeded species had no impact on B. 
tee/arum frequency, the change in B. lee/arum biomass at the study si tes was attributed to 
the grazing treatments. The frequency of B. teet01·um was not significantly different from 
the frequency of seeded spec ies in 1997 during the first growing season, but was 
significantly higher than all other species or categories in 1998. 
The pre-study vegetation at each study si te may have affected the results . 
Pascopyrum smirhii was present at Camp Williams prior to greenstrip establishment. 
Promontory Point was dominated by A. deserrorum prior to green strip development. 
Thus, the seed bank may have increased the frequency of establishment of the dominant 
species at each site. 
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Frequency alone was not an accurate indicator of establishment success in thi s 
study. For example, Poa secunda increased significantly in frequency between 1997 and 
1998 at Camp Williams, regardless of grazing treatment. Over that same period, 
however, biomass of the species decreased . As previously noted, P. secunda is sensitive 
to water stress (Link et al. 1990). The three year study period (1996-1998) had 19 - 43% 
more precipitation than the long-term average for the site . However, the timing of 
precipitation did not appear to be advantageous for P. secunda. Similar trends in 
precipitation were noted at Promontory Point. 
Biomass 
Grazing reduced total standing crop. Current years' standing crop was decreased 
by 42- 48% at Camp Williams, depending on seeded species. This indicates that grazing 
is an effective method for reducing the biomass of a greenstrip, ultimately affecting fire 
behavior. Other methods could have been used to remove above- ground biomass, but 
li vestock grazing effectively eliminated the need for additional site treatments such as 
raking or burning to reduce biomass. This study demonstrated that even with a large 
litter component, grazing reduced flame lengths compared to ungrazed areas. 
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Vegetation at Camp Williams was highly variable in both species composition 
and total biomass. From a biomass perspective, litter dominated the study area, 
regardless of treatment or year. Hatton ( 1920) found that grazing hastens the decay of 
litter through trampling. Grazing also reduc t·s duff accumulation by compacting litter 
and increasing the rate of decomposition in western forests (Hatton 1920, Weaver 195 1 ). 
Add itional studies found ungrazed treatments had more litter than grazed treatments 
(Z immerman and Neuenschwander 1983), indicating that grazing may assist in the 
breakdown of litter. Grazed areas may also have less litter due to the decrease in total 
standing crop from grazing. My data demonstrates that total biomass was reduced from 
ex ist ing shrub-dominated communities at Camp Williams. 
The litter component was transitory and was not expected to have long-term 
impacts on the vegetation of the study site (Hatton 1920). In all , 46 taxa were identified 
in the study area at Camp Williams (Append ix 2). 
The biomass of A. desertorum and P. smithii at Camp Williams increased 
significantl y between 1997 and 1998, with the standing crop significantly higher in 
ungrazed than in grazed treatments. Biomass removed via livestock in the spring and 
summer did not completely regrow before the fall biomass collection; a dry spring may 
have influenced regrowth as well. 
Results at Promontory Point were mixed, and may have been skewed toward the 
establishment of A. desertorum; frequency of A. desert arum was disproportionall y high, 
as was the biomass. It is difficult to differentiate between A. deserlorum and A. cristatum 
62 
due to their morphological similarities. Therefore, the successful establishment of A. 
desertorurn could be due either to the recovery of the established population of A. 
cristo/urn that was disked under during seedbed preparation for this study or because the 
combinatior ofabnom1ally high pr~cipitation in May and June combined with only 
dormant season grazing caused the high bi omass levels of A. desertorurn. Marlette and 
Anderson ( 1986) found that species dominant in the vegetation on a site usually 
dominated :he seed bank of associated soil s. Their results indicated that the existing A. 
crista/urn plants and propagules in the so i I must be destroyed for a successful reseeding 
(Marlette and Anderson 1986). While we were unable to destroy all propagules of A. 
crista/urn by di sking the site, we were able to suppress the species enough to allow some 
establi shment of Pascopyrurn srnithii . 
Heidinga and Wilson (2002) examined the encroachment of A. crista/urn into 
native prairie . They found that as A. cristatum increased, plant diversity decreased. 
Additionall y, they indicated that soi ls beneath 50-year-old fields of A. crista/urn (like 
those at Promontory Point) had more total moisture, nitrogen, and carbon. These si tes 
also had more bare ground and litter than native prairie sites (Christian and Wilson 1999, 
Heidinga and Wilson 2002). These changes to the so il would make it more difficult to 
introduce new species to the site, even if all A. crista/urn plants and propagules were 
successfull y destroyed prior to introducing new species. Based on the standing crop of P. 
srnithii. however, it appears to at least be able to compete with established populations of 
A. crista/urn when seeding occurs after some site preparation/di sturbance. 
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Fire Behavior 
Fuel modeling was an important aspect of this study because it provided an 
estimate of the level of contro l necessary to fight fires under a variety of environmental 
conditions. Andrews and Rothermel (1982) provide guidelines to assist in determining 
the most appropriate method of fire contro l (i.e ., direct or indirect). Andrews and 
Rothermel (1982) use flame length as the primary predictor to determine the most 
appropriate method of fire control. Flame length values were used to determine how a 
fire could be managed at the greenstrip. Fires with flame heights less than 1.2 m can be 
managed by hand crews. Flame lengths from 1.2-2.4 m would require heavy equipment 
(i.e., bulldozers). Flame lengths above 2.4 m require indirect contro l measures (i.e. , 
plane or helicopter) (Andrews and Rothermel 1982). 
Regardless of seeded species, year, or species frequency, grazed treatments 
consistently had lower flame lengths than ungrazed treatments. Fuel modeling 
demonstrated that grazing greenstrips reduced the rate of spread, fireline intensity, and 
fl ame length to a level that the initial response could be done using hand crews. These 
resu lts are consistent with those of van Auken (2000), who found herbivory reduced the 
aboveground grass biomass and caused the reduction or elimination of grassland fires. 
While the BehavePlus model reached its maximum parameters for flame length, fire 
intensi ty, and rate of spread. these data indicate that greenstrips can provide a va luable 
base to help manage fires. These modeling results indicate that ungrazed greenstrips did 
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not reduce fire behavior characteristics compared to the sagebrush fuel model (FM5) by 
the end of the second growing season. However, modeled data may underestimate the 
flame length (and therefore fireline intensi ty and rate of spread) in FM5 (van 
Wagtendonk and Botti 1984). 
Results at Promontory Point indicate that greenstrip establishment in a grass 
system is not the most effective practice to al ter fire behavior. Rather, management 
strategies to reduce fuel loads and fuel bed depth may be more effective in altering fire 
behavior. Focused grazing (i.e., using herded animals such as sheep) may be effective in 
altering fire behavior. 
A successfu l greenstrip can be defined as a vegetation strip that alters fire 
behavior from the surrounding plant community. With that definition, then, fire 
modeling data from both study sites clearly indicate that management of establi shed 
greenstrips is a requirement for a successful greenstrip. While these data could not 
predict if a fire would ext inguish itself in these greenstrips, data indicated that seeding a 
greenstrip and not grazing it provide littl e benefit due to the rapid accumulation of fuel 
load. The flame length, fireline intensity, and rate of spread data all clearly indicate that 
some type of fuel management is required to maintain a successful greenstrip. 
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CONCLUSIONS AND MANAGEMENT IMPLICATIONS 
Conclusions from thi s study include: 
o Vegetation fuel breaks effectively modifi ed fire behavior characteri stics . 
However, their long-term effecti veness required continued management to 
keep fuel loads from accumulating. 
o Establishment of Agropyron deser/orum and Pascopyrum smilhii was not 
negative ly impacted by spring (May/June) or winter (December to March) 
grazing during the first or second year of establishment. 
o Seedings established successfull y (with at least "fair" establishment) by the 
standards establi shed by Va ll entine ( 1989). 
There are a variety of management implications fro m thi s study. Trad itional 
range management guidelines dictate that li vestock should be removed from an area fo r a 
mini mum of two grazing seasons a fter reseeding occurs (Stoddart et al. 1975, Stoddart 
and Smith 1943). This recommendation has been incorporated into federal land 
management guidelines (USDI RL M 1990). Greenstrips may not be cost effective or 
acceptable based on other issues in the short-term if livestock must be excluded or fenced 
out of the seeded area for two or more years. 
Thi s study found that greenstrips seeded with A. deserlorum or P. smithii may be 
established in small areas of a larger unit when moderately grazed in the spri ng or winter. 
Ungrazed greenstrips acc umulated sufficient fine fuels by the end of the second 
growing season to render them ineffecti ve at the weather conditions norma lly associated 
66 
with wildfire seasons using BEHA VEP!us models. Moderate grazing effectively 
maintained more desirable fuel loads on the sagebrush-dominated sites without adversely 
affecting the desired vegetation. While past greenstrip research has focused on species, 
ease of establishment, and ability to resist grazing, it may be helpful to select palatable 
species that would allow for preferential use. Herding could also be effective in creating 
specific areas with reduced fuel loads. Other management options for reducing fuel loads 
in specific locations include salt and mineral placement, water developments, and 
temporary fencing. Herded animals such as sheep may be the ideal management tool in 
the wild land-urban interface. 
Creating a habitat mosaic with greenstrips may be an ideal way to manage the 
habitat for species of concern (i.e., sage grouse nesting grounds). Habitat loss for the 
sage grouse has been attributed to increase fire return intervals and the invasion of exotics 
after fire and grazing (Webb 2002). Greenstrips can provide a way to protect habitat by 
decreas ing the fire ri sk for an area and providing an acceptable use of livestock in 
sensitive habitat areas. 
The "Fire, Fuels and Related Vegetation Management Direction for Amending 
Land Use Plans ofthe Upper Snake River District" preparation plan (USDI BLM 2001) 
discusses greenstrip placement as a planning question, but does not address greenstrip 
management. The assumption seems to imply that because yo u establi sh a greenstrip, it 
will be effective. 
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These data indicate that ungrazcd greenstrips have similar fire behavior 
characteristi cs as the original sagebrush fue ls. Greenstrip effectiveness was only evident 
when the greenstrip was managed (grazed) and fuel loads were not allowed to build over 
time. The unspoken assumption that greenstrips manage themselves may have led to the 
lack of use of these techniques for landscape- level fire behavior management. 
In conclusion, the use of P. smithii or A. desertorum would effectively establi sh 
greenstrips but without managing the fuel hreaks with grazing, the fuel break becomes 
ineffective. 
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Appendix l 
Least squares means and type 3 test of fixed effects 
Table 41. Least squares means of frequ ency of seeded species at Camp Williams, 
1997. 
Effect Mean t Value 
Agropyron desertorum 0.873 2.66 
!'ascopyrum smithii 1.31 11 3.99 
Poa secunda 0.3 192 0.97 
Grazed 0.8658 4.54 
Ungrazed 0.8052 4.23 
Agropyron desertorum x Grazed 0.8786 4.66 
Agropyron desertorum x Ungrazed 0.874 1 2.65 
Pascopyrum smithii x Grazed 1.336 4.05 
Pascopyrum smithii x Ungrazed 1.2861 3.9 
Poa secunda x Grazed 0.383 1.16 
Poa secunda x Ungrazed 0.2555 0.77 
Bromus teclorum 1.067 10.46 
Table 42. 1997 Type 3 Test of fixed effects on frequency of seeded species 
(Agropyrou desertorum, Pascopyrum smitllii, and Poa secuuda) at Camp Williams. 
Effect Degrees of Freedom F Value p value 
Seeded Species 2 2.26 0.1830 
Grazing Treatment 3.7 0.1029 
Species x Grazing 2 1.3 0.3402 
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Table 43. Least squares means of the frequency of weed species at Camp Williams, 
1997. 
Effect Mean t Value 
Bromus teet arum 1.067 10.46 
Sa/sola tragus 0.3543 3.47 
Grazed 0.6712 9. 14 
Ungrazed 0.75 10.22 
Bromus tee/arum x Grazed 1.0203 9.83 
Bromus tectorum x Ungrazed 1.1136 10.73 
Sa/sola tragus x Grazed 0.3221 3.1 
Sa/sola tragus x Ungrazed 0.3864 3.72 
Table 44. 1997 Type 3 Test of fixed effects on frequency of weeds (Bromus tectorum, 
Sa/sola tragus) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Weeds 24.41 0.0078 
Grazing Treatment 8.35 0.0446 
Weeds x Grazing 0.28 0.6227 
Table 45. 1998 least squares means of frequency of seeded (Agropyron desertorum, 
Pascopyrum smithii, and Poa secunda) and weed species (Bronms tectorum, Sa/sola 
tragus) at Camp Williams. 
Effect Estimate t Va lue 
Agropyron desertorum 1.972 5.34 
Pascopyrum smilhii 2. 1895 5.93 
Poa secunda 0.981 2.66 
Grazed 1.7852 8.28 
Ungrazed 1.6432 7.62 
Agropyron desertorum x Grazed 2.0375 5.45 
Agropyron desertorum x Ungrazed 1.9065 5.1 
Pascopyrum smirhii x Grazed 2.2528 6.03 
Pascopyrum smithii x Ungrazed 2. 1263 5.69 
Poa secunda x Grazed 1.0652 2.85 
Poa secunda x Ungrazed 0.8969 2.4 
Bromus tectorum 2.9462 15.04 
Sa/sola tragus 0.007062 0.04 
Grazed 1.4509 10.37 
Ungrazed 1.5024 10.74 
Bromus tee/arum x Grazed 2.8987 14.65 
Bromus tectorum x Ungrazed 2.9938 15.13 
Sa/sola tragus x Grazed 0.003081 0.02 
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Sa/sola tragus x Ungrazed 0.001104 0.06 
Table 46. 1998 Type 3 Test of fixed effects on frequency of weed species (Bromus 
tectorum, Sa/sola tragus) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Weeds 112.52 0.0004 
Grazing Treatment 1.79 0.2521 
Weeds :-: Grazing 1.28 0.3214 
Table 47. 1997 least squares means of frequency of seeded species (Agropyron 
desertorum and Pascopyrum smith it) at Promontory Point. 
Effect Estimate t Value 
Agropyron desertorum 3.6505 14.04 
Pascopyrum smithii 1.1 96 1 4.6 
Grazed 2.4522 12.67 
Ungrazed 2.3945 12.37 
Agropyron desertorum x Grazed 3.5358 12.92 
Agropyron desertorwn x Ungrazed 3.7652 13.76 
Pascopyrum smithii x Grazed 1.3686 5 
Pascopyrum smithii x Ungrazed 1.0237 3.74 
Bromus tectorum 0.8445 2. 13 
Sa/sola tragus 1. 5962 4.03 
Grazed 1.252 1 5.43 
Ungrazed 1.1 203 4.86 
Bromus tect01·um x Grazed 0.8894 2.23 
Bromus tect01·um x Ungrazed 0.7995 2 
Sa/sola tragus x Grazed 1.955 4.24 
Sa/sola tragus x Ungrazed 1.4969 3.75 
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Table 48. 1997 Type 3 Test of fixed effects on frequency of seeded species 
(Agropyron desertorum, Pascopyrum smithi1) at Promontory Point. 
Effect Degrees of Freedom F Value P value 
Seeded Species 44.54 .0002 
Grazing Treatment 0.23 0.6451 
Species x Grazing 5.67 0.0445 
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Table 49. 1998 least squares means of frequency of seeded species (Agropyron 
desertorum and Pascopyrum smith it) at Promontory Point. 
Effect Estimate t Value 
Agropyron desertorum 3.8756 14.7 ! 
Pascopyrum smirhii 1.5664 5.94 
Grazed 2.7585 14.22 
Ungrazed 2.6834 13.83 
Agropyron deserrorum x Grazed 3.8066 13.87 
Agropyron deserrorwn x Ungrazed 3.9446 14.38 
Pascopyrum smithii x Grazed I. 7105 6.23 
Pascopyrum smirhii x Ungrazed 1.4223 5. 18 
Bromus tectOJ·um 1.1 804 3.43 
Sa/sola rragus 1.70 13 4.95 
Grazed 1.3812 6.85 
Ungrazed 1.2822 6.36 
Bromus reclorum x Grazed 1.2086 3.46 
Bromus teclorum x Ungrazed 1.1 522 3.3 
Sa/sola tragus x Grazed 1. 774 0.08 
Sa/sola tragus x Ungrazed 1.6286 4.66 
Table SO. 1997 Type 3 Test of fixed effects on frequency of weeds (Ceratocephala 
testicu/ata, Bromus tectorum, Sa/sola tragus) at Promontory Point. 
Effect Degrees of Freedom F Value P value 
Weeds 2 0.92 0.4242 
Graz ing Treatment 4.8 1 0.0488 
Weeds x Grazing 2 0.32 0.7346 
Table 51.1998 Type 3 Test of Fixed Effects on frequency of seeded species 
(Agropyron desertorum, Pascopyrum smithil) at Promontory Point. 
Effect Degrees of Freedom F Value P value 
Seeded Species 38.41 0.0003 
Grazi ng Treatment 0.48 0.5077 
Species x Grazing 3.88 0.0845 
Table 52. 1998 Type 3 Test of fixed effects on frequency of weeds (Ceratocephala 
testicu/ata, Bromus tectorum, Sa/sola tragus) at Promontory Point. 
Effect Degrees of Freedom F Value P value 
Weeds 2 0.88 0.4418 
Grazing Treatment 2.0 0.1823 
Weeds x Grazing 2 0.14 0.8745 
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Table 53. 1997 least sguares means of biomass at Cam~ Williams. 
Effect Estimate t Value 
Agropyron desertorum 0.02433 1.95 
Pascopyrum smithii 0.01918 1.53 
Poa secunda 0. 1203 0.96 
Grazed 0.1117 1.46 
Ungrazed 0.2585 3.38 
Agropyron desertorum x Grazed 0.1 28 1 0.97 
Agropyron desertorum x Ungrazed 0.3585 2.7 1 
Pascopyrum smithii x Grazed 0.1319 
Pascopyrum smithii x Ungrazed 0.25 16 1.9 
Poa secunda x Grazed 0.07519 0.57 
Poa secunda x Ungrazed 0. 1654 1.25 
Bromus tectorum 0.2769 2.69 
Sa/sola tragus 0.07821 0.76 
Grazed 0.1 768 2.1 9 
Ungrazed 0.1783 2.21 
Bromus tectorum x Grazed 0.2587 2.27 
Bromus tectorum x Ungrazed 0.2951 2.58 
Sa/sola tragus x Grazed 0.09481 0.83 
Sa/sola tragus x Ungrazed 0.0616 0.54 
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Table 54. 1998 least squares means of seeded (Agropyron desertorum, Pascopyrum 
smithii, and Poa secunda) and weed species (Bromus tectorum and Sa/sola tragus) at 
Camp Williams. 
Effect Estimate t Value 
Agropyron desertorum 0.6811 1.97 
Pascopyrum smithii 0.711 2.06 
Poa secunda 0.06879 0.2 
Grazed 0.4011 1.92 
Ungrazed 0.5728 2.74 
Agropyron desert arum x Grazed 0.6484 1.79 
Agropyron desertorum x Ungrazed 0.7138 1.97 
Pascopyrum smithii x Grazed 0.4972 1.38 
Pascopyrum smithii x Ungrazed 0.9247 2.56 
Poa secunda x Grazed 0.05775 0.16 
Poa secunda x Ungrazed 0.07984 0.22 
Bromus tee/arum 1.6792 4.56 
Salsa/a tragus 0.062 G. l 7 
Grazed 0.7767 2.8 
Ungrazed 0.9645 3.48 
Bromus tec/01·um x Grazed 1.4 724 3.75 
Bromus tectorum x Ungrazed 1.886 1 4.81 
Salsa/a tragus x Grazed 0.08099 0.2 1 
Sa/sola tragus x U ngrazed 0.04302 0.11 
Table 55. 1997 least squares means of seeded (Agropyron desertorum, Pascopyrum 
smith it) and weed species (Bromus tectorum, Sa/sola tragus) at Promontory Point. 
Effect Estimate t Value 
Agropyron desertorum 3.6025 8.81 
Pascopyrum smithii 1.4415 3.52 
Grazed 2.5852 8.35 
Ungrazed 2.4586 7.94 
Agropyron desertorwn x Grazed 3.5705 8.16 
Agropyron desertorum x Ungrazed 3.6343 8.3 
Pascopyrum smithii x Grazed 1.6 3.65 
Pascopyrum smithii x Ungrazed I .283 2.93 
Bromus tectorum 1.1465 4.35 
Sa/sola tragus 3.5738 13.57 
Grazed 2.6575 11.74 
Ungrazed 2.3627 I 1.77 
Bromus tec/orum x Grazed I .256 1 4.42 
Bromus tectorum x Ungrazed 1.0369 3.65 
Sa/sola tragus x Grazed 3.459 12.18 
Sa/sola tragus x Ungrazed 3.6885 12.99 
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Table 56. 1998 least squares means of seeded (Agropyron desertorum, Pascopyrum 
smithit) and weed species (Bromus tectorum, Sa/sola tragus) at Promontory Point. 
Effect Estimate t Val ue 
Agropyron desertorum 5.8288 7.88 
Pascopyrum smithii 2.528 1 3.42 
Grazed 4.2933 8.02 
Ungrazed 4.0636 7.59 
Agropyron desert arum x Grazed 5.6977 7.53 
Agropyron desert arum x Ungrazed 5.96 7.87 
Pascopyrum smithii x Grazed 2.889 3.82 
Pascopyrum smithii x Ungrazed 2.1 672 2.86 
Bromus fectorum 2.439 1 3. 18 
Salsa/a tragus 4.5752 5.96 
Grazed 3.7144 6.66 
Ungrazed 3.2999 5.92 
Bromus tee/arum x Grazed 2.5918 3.29 
Bromus tect01·um x Ungrazed 2.2865 2.9 
Sa/sola tragus x Grazed 4.837 1 6. 14 
Sa/sola tragus x Ungrazed 4.3132 5.47 
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Table 57. 1997 Type 3 Test of fixed effects for biomass of seeded species (Agropyron 
desertorum, Pascopyrum smitflii, and Poa secunda) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Seeded Species 2 0.24 0.7906 
Grazing Treatment 8.31 0.0279 
Species x Grazing 2 0.70 0.5318 
Table 58. 1997 Type 3 Test of fixed effects for biomass of weeds (Bromus tectorum, 
Sa/sola tragus) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Weeds 1.87 0.2438 
Grazing Treatment 0.00 0.983 1 
Weeds x Grazing 0.25 0.6458 
Table 59. 1998 Type 3 Test of fixed effects for biomass of seeded species (Agropyron 
desertorum, Pascopyrum smitflii, and Poa secunda) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Seeded Species 2 1.10 0.3911 
Grazing Treatment 1.92 0.2 151 
Species x Grazing 2 1.08 0.3985 
Table 60. 1998 Type 3 Test of Fixed Effects for biomass of seeded (Agropyron 
desertorum, Pascopyrum smitltii, and Poa secunda) and weed species (Bromus 
tectorum, Sa/sola tragus) at Camp Williams. 
Effect Degrees of Freedom F Value P value 
Weeds 9.63 0.0361 
Grazing Treatment 0.98 0.3772 
Weeds x Grazing 1.42 0.2988 
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Appendix 2 
Plant Species 
Table 61. Plant list of species identified at each study site location. CW indicates 
plants collected at Camp Williams; PP indicates plants collected at Promontory 
Point. SSP indicates a species seeded at both sites. 
Scientific Name Common name Location 
Achnatherum hymenoides (Roemer & J.S. cw 
Schultes) Barkworth Indian ricegrass 
Agropyron desertorum (L.) Gaertn. Crested wheatgrass CW, PP 
Agropyron desertorum var. Nordan Desert wheatgrass SSP 
Alyssum alyssoides (L.) L. Pale madwort cw 
Amaranthus blitoides S. Wats Mat amaranth cw 
Ambrosia acanthicarpa Hook. Flatspine burr ragweed cw 
AmbrosiaL. Ragweed cw 
Artemisia ludoviciana Nutt. White sagebrush cw 
Artemisia tridentata Nutt. Big sagebrush cw 
Balsamorhiza sagillata (Pursh) Nutt. Arrowleaf balsalmroot cw 
Cheatgrass, Downy CW, PP 
Bromus tectorum L. brome 
Calochortus nutal/ii Torr. & Gray Sego lily cw 
Carex spp. Sedges cw 
Ceratocephala testiculata (Crantz) Bess. Curveseed butterwort cw 
Chenopodium album L. Lambsquarters cw 
Chrysothamnus spp. (Hook.) Nutt. Rabbi thrush cw 
Cirsium spp. Thistle. Spp. cw 
Cynoglossum officinale L. Gypsy flower cw 
Descurania pinna/a (Walt.) Britt. Western tansymustard cw 
Ephedra viridis Covi lle Mormon tea cw 
Tall annual cw 
Epilobium brachycarpum K. Pres! willowherb 
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Scientific Name Common name Location 
Western daisy cw 
Erigeron bellidiastrum Nutt. fleabane 
Eriogonum spp. Buckwheat spp. cw 
Erodium cicutarium (L.) L'Her. Ex Ait Redstem storksbill cw 
Grindeiia squarrosa (Pursh) Dunal Curlycup gumweed cw 
Gutierrezia sarothrae (Pursh) Britt. & Rusby Broom snakeweed cw 
Helian/hus annuus L. Common sunflower cw 
Kochia pros/rata Forage kochia SSP 
Lactuca serriola L. Prickly lettuce cw 
Laminaceae spp. Mint species cw 
Monarda L. Bee balm cw 
Opuntia spp. Cactus cw 
Pascopyrum smithii (Rydb.) A. Love Western wheatgrass SSP 
Poa pratensis L. Kentucky bluegrass cw 
Poa secunda J. Pres! Sandberg bluegrass SSP 
Polygonum avicu/are L. Prostrate knotweed cw 
Polygonum ereclum L. Erect knotweed CW,PP 
Pseudoroegneria spica/a (Pursh) A. Love Bl uebunch wheatgrass cw 
Purshia tridentata (Pursh) DC. Antelope bitterbrush cw 
Sa/sola tragus L. Prickly Russian thistle CW,PP 
Solanum triflorum Nutt. Cutleaf nightshade CW, PP 
Solidago spp. Golderod cw 
Sphaeralcia spp. Globemallow family cw 
Sporobolus etyptandrus (Torr.) Gray Sand dropseed cw 
Stipaspp. Needlegrass spp. cw 
Taraxacum officinale G.H. Weber ex Wiggers Common dandelion cw 
Tetradymia cansecens DC. Spineless horsebrush cw 
Scientific Name 
Tragopogon dubius Scop. 
Verbnscum thapsus L. 
Zigadenus spp. Michx 
Common name 
Yellow salsify 
Common mullein 
Death camas 
Location 
cw 
cw 
cw 
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